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General characteristic of dissertation

Topicality of the problem. Steel fiber reinforced concrete is the type of
composite materials belonging to most important technical-economical
priorities of the 21% century. That is why the theory of composite materials is
one of the most developing studies. These factors determine rapid development
of new building structures and materials, higher quality and variety.
Furthermore, presently secondary materials are used to produce new composite
materials. The usage of steel fiber reinforced concrete in monolithic joins is
well known as a good alternative of additional reinforcement because of chaotic
distribution of steel fibers in complex stress ant strain state. However, the
absence of building codes, regulating the usage of steel fibers in bearing
structures was the reason why practical use of steel fibers for a time was
stopped. Recently, different countries (USA, Japan, Russia, etc.) have prepared
additional regulations to building codes for steel fiber reinforced concrete.
Therefore, recent scientific articles review clearly underlines the expediency of
using steel fibers in monolithic connections, such as column-slab joins: in this
case, not only the increase of load capacity is obtained, but also, as brittle
failure becomes plastic, it becomes predictable. Unfortunately, the quantity of
scientific articles on this topic is very limited.

The analysis of well known design codes and different models even in
punching case without steel fibers shows that there is no common theory in
calculating punching shear strength. Existing models of punching shear strength
with steel fibers are mainly based on empirical coefficients, or require direct
tests, what makes the design of such structures more complicated. Besides, the
analysis of elastic and plastic characteristics of steel fiber reinforced concrete is
incomplete, because there is no unified, well grounded theory to evaluate them.
These factors show that punching shear strength with steel fiber reinforced
concrete is not fully researched, and requires additional theoretical and
experimental investigations. Therefore, the aim of the thesis is to create steel
fiber reinforced concrete punching shear strength model and to enrich punching
shear with steel fibers experimental data bank.

The dissertation presents steel fiber reinforced concrete punching shear
strength model. Also, the empirical method, evaluating the influence of steel
fibers calculating the punching shear strength according to Lithuanian and Euro
Codes, is proposed.

Aim of the dissertation is to propose the punching shear strength model,
estimating type, strength, different anchoring and geometrical characteristics of
steel fibers, as well as plastic strains of steel fiber reinforced concrete.



Main tasks

1.

2.

e

To analyze punching shear strength methods and define the main
factors, influencing punching shear strength.

To analyze the stress and state of existing punching shear strength
models.

To analyze steel fiber reinforced concrete strength and deformation
models.

To propose punching shear strength with steel fibers reinforced
concrete model, evaluating factual as well as plastic characteristics.

To make tests in order to verify the suggested model.

To make propositions for the evaluation of steel fibers reinforced
concrete characteristics, calculating punching shear strength according
to Lithuanian and Euro Codes.

Scientific novelty

1.

2.

Proposed model estimates steel fibers volume, steel fibers strength,
geometrical and anchorage characteristics, as well as plastic strains of
steel fiber reinforced concrete, evaluating punching shear strength.

The calculation method, evaluating plastic strains of steel fiber
reinforced concrete element, subjected to bending, is proposed.

Main object

The main object of this dissertation is the punching shear strength with
steel fibers of reinforced concrete slabs.

Methodology of research

The calculation methods of punching shear strength models and strength-
deformation models of composed materials, presented in scientific literature,
were used. Experimental research of punching shear strength with steel fiber
reinforced concrete, as well as steel fiber reinforced concrete in uniaxial and
biaxial stress and strain states, was conducted.

Practical value

1. New experimental data on the anchorage of steel fibers in concrete
matrix and its influence on steel fiber reinforced concrete strength
were obtained.

2. New experimental data on the behaviour of strength and deformation
of steel fiber reinforced concrete, subjected to uniaxial, biaxial and
three-axial stress and strain states were obtained.

Defended propositions

1. Steel fibers have influence on punching shear strength and

deformation.



2. Suggested punching shear model estimates the type, strength, different
anchoring and geometrical characteristics of steel fibers, as well as
plastic strains of steel fiber reinforced concrete.

The scope of scientific work

The dissertation consists of: general characteristics, a list of notations, 58
pictures, 11 tables, 5 main chapters, conclusions and recommendations, and
finally, a list of references. The total scope of dissertation is 146 pages.

CONTENT OF DISSERTATION
1. Introduction

First chapter introduces the problem and its topicality. Also, the purposes
and tasks of the dissertation are formulated. Furthermore, the methods used and
the novelty of solutions are described. Also, the author‘s publications and the
structure of the thesis is presented.

2. The analysis of punching shear strength models

Second chapter covers the review and analysis of existing punching shear
strength methods and models. They showed that there is no unified theory on
calculating punching shear strength. Two main types of punching shear strength
models can be distinguished:

e failure occurs when compression zone is cut from shear and

compression stress;

e failure occurs when tensile stresses of the concrete in punching cone

exceed tensile strength.

The comparison of theoretical models and tests results shows that more
accurate results can be obtained by calculating punching shear strength using
the first group of models.

The analysis of punching shear test results of other authors also indicates
that steel fibers have great influence on punching shear strength. However, such
experiments are very limited in scientific literature, and existing methods are
mainly based on empirical coefficients. Referring to this analysis, the task of
the dissertation was formulated: to create a punching shear strength model,
based on the first group of models discussed, and to evaluate the influence of
steel fibers on strength and deformations.



3. Theoretical investigation of strength and deformation of steel fiber
reinforced concrete and suggested model

The third chapter presents the analysis of well-known strength and
deformation models of composed materials and steel fiber reinforced concrete
strength and deformation model is proposed. The model is based on general
principles of modelling and design of composed materials (additivity law).
Also, it evaluates elastic and plastic characteristics of concrete and steel fibers,
using idealized stress-strain relations (Fig 1).
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Fig 1. Idealized G —¢€ relations: 1 is for steel fibers; 2 is for concrete; 3 is for steel fiber

reinforced concrete. Here E, , Eafrc Ver Vfre = elastic modulus and elastic

characteristics for concrete and steel fiber reinforced concrete, respectively

The strength of steel fiber reinforced concrete depends on the anchoring of
steel fiber in concrete matrix. The strength of anchoring depends on tangential
bond stresses T; in half length of fiber, and on bond stresses in the hook of

fiber. In this model, the average magnitude of normal stresses G , expressed by

tangential bond stresses is used. Tangential stresses in the hook are expressed
by tangential bond stresses in half length of fiber, multiplied by the coefficient
of anchorage. The coefficient of replacing chaotic fibers displacement to
properly oriented reinforcing (suggested by prof. PabmnoBuu, ®. H.) was



employed in the formula. Finally, steel fiber reinforced concrete ultimate
strength can be defined as:

l.
L =0,41(1+k, )T, L
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where k, means anchoring coefficient, observed in test results, !/ /o d F -

length and diameter of fiber, E., E; — modulus of elasticity of concrete and
steel fibers, A, =1—Vv_ — plasticity characteristic of concrete, V_, Vf — volume

of concrete and steel fibers.

Similarly, all other strength characteristics are expressed in the model
suggested. Deformation modulus of steel fiber reinforced concrete (as well as
ultimate strains) in the suggested model is characterized by the coefficient of
plasticity A, . Using additivity law in composed materials, equilibrium

equation of plain strain, and reduction method of cross-section, the coefficient
of plasticity of steel fiber reinforced concrete Ay, can be expressed by the

following equation:
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Applying suggested steel fiber reinforced concrete strength and

deformation characteristics, and using idealized stress-strain distribution curves
(Fig 2), the position of neutral axis of flexural element was defined as:

0,5
2 s
( zmafrc,t nsfrc h) +4 ( (Dsfrc,tn sfre — ('osfrc,c ) X

X ( wxfrc,tnxfrchz )

2 ( ('osfrc,tnxfrc - (Dxfrc,c )

- ( 20‘)3frc,r nsfrch) +




where

1+ A
fre,t
n _ Esfrc (1 - 7\‘xfrc,t ) sfre.t 2
sfre — s .
Esfrc (1 - A"vfrc,c ) ® = 1+ A’Sfrc,c
sfre,c )

The resultant force of tension and compression zones can be expressed as

follows:
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Fig 2. The state of strain and stress of normal section in steel fiber reinforced concrete
member, subjected to bending

The cracking and ultimate moment can be calculated by the following
equations:

Mcrc = F;‘ (Zc _ZT) (6)
Mu=Fc(Zc_Zt) .
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4. Experimental investigations of physical-mechanical steel fiber reinforced
concrete characteristics and the comparison of experimental results to
suggested model in various stress and strain states

The fourth chapter presents experimental program of uniaxial and biaxial
stress and strain state of steel fiber reinforced concrete. Steel fiber pull-out tests
(5 series) were conducted, and the anchorage coefficients for different types of
fibers were explored. The comparison of suggested strength-deformation model
to tests results of tensile, compressive strengths and elasticity modulus shows
good results: 0,97+1,18, 0,98+1,03, and 1,02+1,05, respectively (total
number of specimens is 3x16). In the comparison of plasticity coefficients (16
specimens), good correspondence is also achieved (1,09). Evaluation method of
distance to neutral axis, applying idealized (trapezium) stress-strain curves, was
compared to tests results and also demonstrates satisfying correspondence
(0,97 +1,03) (4 series, 36 beams in total). According to these results, the
suggested theoretical model was applied to punching shear strength model. To
verify the model, punching shear tests of reinforced concrete slabs with steel
fiber reinforced concrete also were conducted (4 slabs). The punching shear
failure character is presented in Fig 3. Tests results are reported in Table 1.

Table 1. Punching shear test results

SpeCimen d’ fc,cubev V}? F tests

code mm MPa % kN
FRC-1 120 37,54 1,0 417,02
FRC-1,5 123 37,54 1,5 457,79
C 120 41,56 0 454,20
FRC-2 120 41,56 2,0 519,76

In the current program, the load capacity increase of 1,15 times was
obtained. Test results also demonstrate that steel fibers can change considerably
failure character from brittle to plastic failure (slab deflections at ultimate load
increase by 3,2 times). Furthermore, tests results show that the critical perimeter
of steel fiber reinforced slabs was formed at distance (2,4-2,6)d from column
face, while in convention slab the distance was 2d. Also, the compression zone
of steel fiber reinforced slabs was significantly bigger, as compared to
conventional slab. All these factors clearly demonstrate that the volume of steel
fibers has influence on stress-strain state, which determines the angle of
trajectories of principal stresses.
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Fig 3. The character of punching shear failure: a — brittle failure (conventional slab);
b — plastic failure (steel fiber reinforced concrete slab)

5. Punching shear strength model of reinforced concrete beamless slabs
with steel fibers

The fifth chapter presents punching shear strength model of reinforced
concrete slabs with steel fibers. The principal calculation scheme of model
suggested is presented in Fig 4.

Fig 4. Calculation scheme for suggested punching shear strength model

The model is based on the following assumptions:
1. The stress and strain curves of materials are assumed as trapezium-
shaped
2. The hypothesis of plain cross sections was assumed.
3. The ultimate strain of concrete and reinforcement was assumed
calculating distance to neutral axis at failure moment.
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4. The stress distribution of normal stresses in compression zone is
trapezium-shaped, and the distribution of tangential stresses is a
function from normal stresses.

5. Failure occurs when the principal stresses cut the compression zone by
the angle, equal to the angle of principal stresses.

Steel fiber reinforced concrete strength and deformation magnitudes are
evaluated according to the method suggested. Estimating plastic strains, the
distance to neutral axis is calculated by the following equation:

For reinforced concrete element:

0,5

2 1+ Aslnscd +
n n
—|Agn,.+A, < |+|| Aqn,.+A,—=5| +4 <
|: 5170 's2 nss:| [ 51Msc 52 nmJ ( 2 j +A52ha2
n
x= ss . (7)
(1+2,)
where n, =E /E,, n,=Ey/E (1-},).
For steel fiber reinforced concrete element:
r " 2 10,5
Axlnxfrc,xc + [Aslnéfn.’sc + A52 75:::6!56 + 2dD] +
5
nsfrc,sc
- +A52 -+ |t Rgfre,sc
s +4 D Aslnafrc,scd + AS2 n a —
+2dD (@ =D)
-d*D ®
X = — = N
2|:0‘)Aj)"rc,c _D]
Where
1+ A0 - Eq
_ sfre,t I’l—
O)JfVC,T = sfre,sc E‘vfrC,C (1 _}\‘Xfrc,c) D=0 nsfrc,sc
® = 1+7\"Vfrc’f ’ n., [ Esl ’ e Mfre,st
sfrc,c 2 sfre,st Esfrc,t (1 _ }\“Yfrc’t )
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The coefficients of shapes of normal and tangential stresses in
compression zone for concrete and steel fiber reinforced concrete can be
expressed as:

1+7\’c)/2 } wc:(l—'_}\‘sfrc,c)/z )

05 =
0, =0,43(1+4.)] " @, =0,43(1+ 1. )

The principal stresses and angle of their trajectories are calculated
according to well-known equations of material resistance:

(51,2=—(5u/2id(55/4+175} (10)

tan20 =271, /0,

The critical area in the compression zone can be defined in the following

way:
For circular columns:
1 1 X X
A=T7||—a+—a+xcotol |— =n| (a+xcoto)— . (11)
2 2 sin ol sin o
For rectangular columns:
1
A=4[—(2a+2xcota) * }=4[(a+xcot0¢) : } (12)
2 sin ol sin o
Failure criterion is expressed by the equation below:
minF, =G,A. (13)

Fig 5 presents the comparison of suggested model to test results of other
authors. The comparison demonstrates good accuracy of suggested model for
conventional slabs (mean value Wy =1,06, standard deviation oy =0,17,
coefficient of variation v=16 %). The results of the model for steel fiber
reinforced concrete slabs were less precise (Uy =112, o4 =0,08, and
v="7 %, respectively).

Fig 6 presents the comparison of test and theoretical results using the
models suggested and the models of other authors. Graphical comparison
clearly demonstrates (parallelism of trend lines) good correspondence with tests
results.

14



E,, /FE,

test calc
2,0
1,51 X
* x %% T
e —————————— RN B N
M wx L T 7w e m g
L S S e i
R i T e
*
0,51 ty =1,06
Gy =0,17
00 Number of tests conducted n=71 v=16%

#®Estler, R. C., Hognestad, E. 1956

® Marti, P., Pralong, J., et al. 1977

A Schaeit, W., Lander, M., ef al. 1970
x Kinnuen, S., Nylander, B. 1960

+

<

Ramdane, K. E. 1996
Toft, P. 1998
Hallgren, M. 1996
Tomaszewicz, A. 1993

X Kinnuen, S., Nylander, B. efal. 1978 0 Moe, J. 1961
OMagura, D. D., Corley, W. G. 1969 A Prolond, J. 1979

Fig 5. Comparison of suggested model to tests results of other authors
(conventional slabs)

Flexl /Fca[c
2,00
oV, =04:2%
o
1,50 .
A .
— ——éA—éDET:T e
- B--iommmma R
AOY
1,00 O
OOTA

0,501

0,00

- - — O Haralji, M., Maalouf, D., et al. 1996

A Pabunosuu, ®. H. 2004
—— ¢ Suggested model

Fig 6. The comparison of test and theoretical results using the model suggested and the

The number of tests conducted n = 46

models of other authors (steel fiber reinforced slabs)

15




The possibility to combine the suggested model with Lithuanian and Euro
Codes, evaluating the effect of steel fibers on punching shear strength, is also
presented in the dissertation. In this case, design shear strength according to
Lithuanian standards and EC2 should be increased by functional multiplier

(1 +k V}’S ) , obtained from experiments:

sfrc

0,18
Vra.gre =—— k(1009 £ )" (14 Ky V17 ) (14)

¢

where k& — the coefficient, estimating type, geometrical and anchoring

sfrc
characteristics of steel fibers, presented in Table 2; Vf — steel fibers volume

fraction (expressed in per cents).

Table 2. Empirical coefficient k. for different types of steel fibers

Type of steel fibers Ly ldy f,»MPa K e
Hooked fibers 50(60) 1100 0,049(0,045)
Crimped fibers 50 1100 0,060
Wavy fibers 50 1100 0,047
Straight fibers 50 1100 0,019

6. Main conclusions

1. The analysis of existing punching shear strength methods and models
showed that there is no common theory and models in calculating
punching shear strength. The models are similar in the way that fictitious
shear stresses act in fictitious shear area, and they are mainly derived from
test results which differ in their values. These facts clearly demonstrate
that punching shear is not fully analyzed and requires additional
researches.

2. The review of existing punching shear strength revealed that two main
model types can be distinguished: first, failure occurs when compression
zone is cut from shear and compression stress; second, failure occurs when
tensile stresses of concrete in punching cone exceed tensile strength. More
accurate results can be obtained by calculating punching shear strength
using the first group of models. Therefore, the model suggested is based
on the principles of these models.

3. The review of most recent scientific articles clearly underlines the
expediency of using steel fibers in monolithic connections, such as

16



column-slab joins. Besides, such experiments are very few in scientific
literature, and existing methods are mainly based on empirical coefficients
or require direct tests. Moreover, the analysis of elastic and plastic
characteristics of steel fiber reinforced concrete is incomplete, because
there is no unified, well grounded theory to evaluate them. Therefore,
according to the principles mentioned above, punching shear strength
model, estimating the strength and deformation characteristics of steel
fiber reinforced concrete, was created.

The comparison of suggested strength-deformation model for steel fiber
reinforced concrete demonstrates good correspondence with test results
(the ratio of experimental and calculated values: for tension and
compression strength are 0,97+1,18, 0,98+1,03, respectively, for
modulus of elasticity is 1,02+1,05, for the coefficients of plasticity is
1,03+1,09).

To verify the model suggested in biaxial stress-strain state, 36 steel fiber
reinforced concrete beams in flexure were tested. Theoretical and tests
results for defining the position of neutral axis, as well as ultimate and
cracking moment, show good correspondence (0,97 +1,03). According to
experimental tests made by the authors and other researchers, the method
to calculate bending with shear, evaluating steel fibers volume fraction and
shear span and deep ratio, was also suggested.

Original punching shear tests of steel fiber reinforced concrete slabs were
conducted. In the current program, load capacity increase of 1,15 times,
and plastic midspan deflection increase of 3,2 times was observed.
Furthermore, tests results show that the critical perimeter of steel fiber

reinforced slabs was formed at a distance of (2,4+2,6)d from column

face, while in convention slab the distance was 2d. Also, the compression
zone of steel fiber reinforced slabs was significantly bigger, as compared
to the conventional slab. All these factors clearly demonstrate that the
volume of steel fibers has significant influence on stress-strain state, which
determines the angle of trajectories of principal stresses, and load capacity
as well.

Suggested steel fibers reinforced concrete punching shear strength model
estimates the main factors, such as concrete strength, longitudinal
reinforcement, steel fibers volume, type, geometric and anchoring
characteristics, and also plastic strains of steel fiber reinforced concrete.
The comparison demonstrates good accuracy of the suggested model for
conventional slabs (mean value Wy =1,06, standard deviation

17



6y =0,17, coefficient of variation v=16 %). The results of the model
for steel fiber reinforced concrete slabs are also precise (Uy =1,12,
6y =0,08, and v=7 %, respectively). Also, empirical method,

evaluating the influence of steel fibers calculating the punching shear
strength according to Lithuanian and Euro Codes, is proposed.
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DISPERSINIO ARMAVIMO JTAKA GELZBETONINIU BESIJU
PERDANGOS PLOKSCIU PRASPAUDIMUI

Mokslo problemos aktualumas. DispersiSkai armuotas betonas yra vienas
i§ kompozitiniy medziagy tipy, priklausanciy svarbiausiajai XXI amziaus
techninio ir ekonominio vystimosi prioritetiniy kryp¢iy. Todél kompozity
teorija §iuo metu yra viena i§ sparCiausiai besivystanciy mokslo Saky.
Kompozitinés medZiagos leidZzia kurti gerokai tobulesnes statybines
konstrukcijas, lemia aukstesng ju kokybe bei ivairuma. Be to, dél ekonominiy
veiksniy Siuo metu jvairios antrinés statybinés Zaliavos naudojamos naujoms
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kompozitinéms medziagoms kurti. Dispersine armatiira (plieniniu plausu)
armuoty betony taikymas ivairiuose standZiuose gelZbetoniniy konstrukcijy
mazguose yra seniai Zinomas kaip gera papildomo armavimo alternatyva esant
sudétingam  jtempimy buviui dél dispersinés armatiiros iSsidéstymo
chaotiSkumo. Taciau nebuvo dispersinés armatiiros taikymo laikanciose
konstrukcijose reglamentuojamy skai¢iavimo metody, todél jos taikymas
laikinai buvo sustojes. Sie veiksniai pastaruoju metu paskatino jvairias alis
(JAV, Japonija, Rusija ir kt.) parengti dispersinés armatiiros taikyma
reglamentuojancius dokumentus, kaip papildomus priedus prie projektavimo
normy. Be to, naujausiuose moksliniuose straipsniuose aiSkiai pabréZiama, kad
dispersing armatiira standZiuose mazguose, tokiuose kaip kolonos plokstés
sandiira, tikslinga taikyti. Taip ne tik sustiprinama konstrukcija, bet ir suirimas
tampa prognozuojamas — trapus suirimo charakteris pakei¢iamas { plastiska.
Deja, tokiy eksperimentiniy tyrimy mokslinéje literatiiroje yra laibai maZzai.

Kaip rodo atlikta projektavimo normy ir ivairiy skai¢iavimo modeliy
analizé, skaifiuojant net ir nearmuoto dispersine armatiira ploksciy
praspaudimo stipri, vieningos nuomonés néra prieita. Literatliroje apraSyti
praspaudimo su dispersine armatiira skai¢iavimo modeliai daugiausia pagristi
empiriniais koeficientais arba reikalauja tiesioginiy papildomy eksperimentiniy
tyrimy, o tai sunkina praktines projektavimo galimybes. Be to, literatiiros
Saltiniy analizé rodo, kad betony, armuoty dispersine armatiira, tampriosios ir
plastinés savybés yra nepakankamai iSnagrinétos, nes taip pat néra sukurta
vieningos, gerai pagristos teorijos joms nustatyti. Siy veiksniy visuma rodo, kad
praspaudimas su dispersine armatiira néra iki galo iStirtas, tad §i tema reikalauja
papildomy teoriniy ir eksperimentiniy tyrimy. Todél tikslinga sukurti ploks¢iy,
armuoty dispersine armatiira skai¢iavimo modelj, apimantj anksciau iSvardytus
veiksnius, bei papildyti labai negausia plokS¢iy praspaudimo su dispersine
armatiira eksperimentiniy duomeny bazg.

Pagal anksciau pateikta motyvacija Siame darbe sililomas praspaudimo su
dispersine armatiira stiprio skai¢iavimo modelis. Taip pat pristatomas empirinis
metodas, kaip galima jvertinti dispersinés armatiiros jtaka skaiciuojant
praspaudimo stipri pagal Lietuvoje galiojan¢ias normas — statybos techninius
reglamentus STR 2.05.05:2005 ir EC2.

Tyrimy objektas ir metodai. Svarbiausias §io darbo tyrimo objektas yra
gelzbetoniniy ploks¢iy praspaudimo su dispersine armatiira, stipris. Tyrimams
buvo naudota literatiiroje pateikiamy praspaudimo bei kompozity stiprio ir
deformacijy skaiiavimo modeliy analizé. Taip pat buvo atlikti ploksciy,
armuoty  skirtingais  dispersinés  armatiiros  kiekiais, = praspaudimo
eksperimentiniai tyrimai, ir betony, armuoty jvairiais dispersinés armatiiros

20



tipais, vienaaSio ir dviaSio jtempimy-deformaciju biivio eksperimentiniai

tyrimai.

Darbo tikslas. Pasitlyti praspaudimo stiprio skaiciavimo modelj,
padedant] jvertinti dispersinés armatiiros tipa, jos stipri, skirtingas inkaravimosi
ir geometrines savybes bei plastines deformacijas.

Darbo uZdaviniai

1.

2.

5.
6.

Atlikti iSsamig praspaudimo skaiiavimo metody analiz¢ ir nustatyti
svarbiausius veiksnius, turinius jtakos praspaudimo laikomajai galiai.
Atlikti  Zinomy praspaudimo skaiCiavimo modeliy itempiy ir
deformacijy biivio analizg.

Atlikti dispersiSkai armuoto betono stiprio bei deformacijy esamuy
modeliy ir metody analize.

Pasiiilyti praspaudimo su kompozitinémis medZiagomis stiprio
skai¢iavimo modelj, padedanti jvertinti faktiSkasias, taip pat plastines
dispersiskai armuoto betono savybes.

Atlikti eksperimentinius tyrimus modeliui patikrinti.

Pateikti sitilymus, kaip jvertinti dispersiskai armuoto betono savybes
skai€iuojant praspaudima pagal Lietuvos ir Europos Sajungos normas.

Mokslinis darbo naujumas

1.

Pasiiilytas praspaudimo skai¢iavimo modelis leidZia {vertinti
dispersinés armatiiros kiekio, stiprio, inkaravimosi savybes ir
dispersiSkai armuoto betono plastines deformacijas skaiciuojant
praspaudimo stipri.

Pasiiilytas lenkiamy, dispersine armatiira armuoty betoniniy elementy
skai¢iavimo modelis (ribinio ir plySiy atsivérimo momenty), ivertinant
plastines deformacijas.

Eksperimentiniy tyrimy btiidu gauta naujy duomeny apie dispersinés
armatiiros inkaravimosi betono matricoje jtaka kompozito stipriui.
Eksperimentiniy tyrimy biudu gauta naujy duomeny dispersine
armatlira armuoty betoniniy elementy stiprio ir defomatyvumo elgsena
esant vienaasSiam, dviaSiam ir triaS§iam jtempimy biiviui.

Ginamieji teiginiai

1.
2.

Dispersiné armatiira turi jtakos praspaudimo stipriui ir deformacijoms.
Praspaudimo skai¢iavimo modelis leidzia jvertinti dispersinés
armatiiros kiekio, stiprio, inkaravimosi savybes bei dispersiskai
armuoto betono plastinés deformacijas, skaiCiuojant praspaudimo
stipri.

Darbo aprobavimas ir publikacijos. Darbo rezultatai buvo paskelbti 9
mokslinése konferencijose. Disertacijos tema iSspausdinti 8 moksliniai
straipsniai: 2 — Lietuvos recenzuojamuose periodiniuose mokslo leidiniuose,
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referuojamuose tarptautinése duomeny bazése, 2 — konferencijy medziagoje,
referuotoje Thomson ISI Proceedings duomeny bazéje, 4 — mokslingje
konferenciju medziagoje.

Disertacijos apimtis. Bendra disertacijos apimtis yra 146 puslapiai, joje
yra 58 iliustracijos, 11 lenteliy, 134 bibliografijy Saltinio sgraSas.

Disertacijos struktiira. Pirmajame (jvadiniame) skyriuje nagrin¢jamas
problemos aktualumas, formuluojamas darbo tikslas ir uzdaviniai, apraSomas
mokslinis darbo naujumas, pristatomi autoriaus praneSimai bei publikacijos,
disertacijos struktiira.

Antrasis skyrius skirtas praspaudimo skaiiavimo metody ir modeliy
analizei. Jo pabaigoje formuluojami disertacijos uzdaviniai.

Treciajame skyriuje teoriSkai nagriné¢jamos dispersiSkai armuoto betono
stiprio ir deformacinés savybés. Atlikus analizg pasiiilytas dispersiSkai armuoto
betono stiprio ir deformacijy skai¢iavimo modelis.

Ketvirtajame skyriuje apraSomi atlikti dispersiSkai armuoto betono fiziniy
ir mechaniniy savybiy eksperimentiniai tyrimai. Rezultatai palyginami su
pasiiilytu teoriniu modeliu esant jvairiam jtempimy-deformacijy biviui.

Taip pat skyriuje apraSomi gelZbetoniniy ploks¢iy praspaudimo
eksperimentiniy tyrimy rezultatai.

Penktajame skyriuje pateikiamas sitlomas gelzbetoniniy ploksciy,
armuoty dispersine armatira apykolonio zonoje, skaifiavimo modelis. Jis
palyginimas su eksperimentiniais rezultatais bei kity autoriy skaiiavimo
modeliais. Taip pat pateiktas metodas, kaip ivertinti dispersinés armatiiros jtaka
skaiCiuojant praspaudimo stipri pagal statybos techninius reglamentus
STR 2.05.05.2005 ir Europos Sajungos normas EC 2.

Pagrindinés isvados

1. Atlikta daugelio Saliy projektavimo normuy ir Zinomy skai¢iavimo modeliy
analiz¢ parodé, kad néra vieningos metodikos ir bendry modeliy
skaiiuojant praspaudimo stipruma. Nustatyta, kad projektavimo normoms
bendra yra tai, kad salygiSkai apibréZiami tangentiniai itempiai, veikiantys
salyginai apibréZtame kritiniame plote, apskaifiuojami remiantis tik
eksperimentiniy tyrimy regresine analize, taCiau ir jie yra skirtingi. Tai
aiSkiai rodo, kad praspaudimo fenomenas néra iki galo iStirtas ir reikia
papildomy tyrimy.

2. Skai¢iavimo modeliy apzvalga parodé, kad vyrauja du praspaudimo
modeliy tipai:

e kai suirimas jvyksta gniuzdymo ir tangentiniams itempimams

nukerpant gniuzdoma zona;

e kai suirimas ivyksta betono tempimo stipriui pasiekus ribing reik§me

istriZo pjuivio suformuotoje praspaudimo piramidéje.
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Pirmojo tipo skai¢iavimo modeliai yra daug tikslesni ir aiSkiau atspindi
praspaudimo pobidj, todél atliktuose eksperimentiniuose ir teoriniuose
tyrimuose buvo naudojami svarbiausi §iy modeliy principai.

Naujausiuose moksliniuose straipsniuose pabréZiama, kad praspaudimo ir
kity konstrukciju standZiuose mazguose tikslinga taikyti dispersing
armatiira. Taciau tokiy eksperimentiniy tyrimy atlikta nedaug, o esantys
skai¢iavimo modeliai daugiausia pagristi empiriniais koeficientais, arba
reikalauja tiesioginiy papildomy eksperimentiniy tyrimy. Be to, literattiros
Saltiniy analizé parod¢, kad dispersiskai armuoto betono tampriosios
plastinés savybés iSnagrinétos nepakankamai, nes taip pat néra sukurta
vieningos gerai pagristos teorijos joms nustatyti. Todél, remiantis minéty
modeliy skai¢iavimo principais, bei papildomai vertinant stiprio bei
plastiSkasias kompozity savybes, sukurtas plokS¢iy, armuoty dispersine
armatira, skai¢iavimo modelis.

Atlikti eksperimentiniai tyrimai parodé, kad modelyje siilomos teorinés
dispersiSkai armuoto betono stiprio, deformaciju ir plastiSkumo
koeficienty iSraiSkos gerai sutampa (eksperimentiniy ir teoriniy reik§miy
santykis: 0,97+1,18, 1,02+1,05, 1,03+1,09).

Siekiant patikrinti pasitlyta metodika, atlikti 36 sijy dviaSio jtempimuy
biivio eksperimentiniai tyrimai. Lenkiamy sijy plySio atsivérimo (M ,.),
ribinio lenkimo momento (M, ) teorinés reikSmés bei neutraliosios aSies

padétis palyginta su eksperimentiniais duomenimis. Rezultatai gerai
sutampa: 0,97+1,03. Remiantis atliktais bei kity autoriy
eksperimentiniais tyrimais pasillyta lenkimo su kirpimu skaifiavimo
metodika vertinanti dispersinés armattros kieki bei jégos peties ir
naudingojo auksc¢io santyki.

Atlikti originaliis plokS¢iy su dispersine armatiira apykolonio zonoje
praspaudimo eksperimentiniai tyrimai. Nustatyta, kad ploks¢iy, armuoty
dispersine armatira V, =1..2 %, praspaudimo laikomoji galia padid¢ja

iki 1,15 karto, o plastiskas ilinkis — iki 3,2 karto. Atlikus eksperimentinius
tyrimus nustatyta, kad gelZzbetoninés plokstés kritinis perimetras
susiformuoja 2d atstumu nuo kolonos kraSto, o dispersiS$kai armuoty
ploks¢iy — (2,4-2,62)d. Be to, dispersi$kai armuotose plokStése gniuZdoma
zona buvo iki 1,23 karto didesné. giq veiksniy sugretinimas rodo, kad
dispersinés armatiiros kiekis turi jtakos jtempimy biiviui. Nuo jo priklauso
ir svarbiausiyjy jtempimy trajektorijy kampas bei laikomoji galia.

Sitlomas praspaudimo stiprio skai¢iavimo modelis leidZia jvertinti betono
stiprio, iSilginés armatiiros kieko, dispersinés armatiiros kieko, jos stiprio
ir inkaravimosi savybiy bei dispersiSkai armuoto betono plastiniy
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deformacijy itaka. Praspaudimo stiprio modelio tikslumas gelZbetoninéms
plok$téms — uy, =1,06, vidutiné kvadratiné nuokrypa o, =0,17 ir
variacijos koeficientas v =16 %. Dispersiskai armuotoms gelZbetoninéms
plokstéms — uy =1,12, 64 =0,08, v=7 %. Taip pat pateiktas metodas,
kaip ivertinti dispersinés armatiiros itaka skaiCiuojant praspaudimo stipri
pagal statybos techninius reglamentus STR 2.05.05.2005 ir Europos
Sajungos normas EC 2.
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