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Introduction

Topicality of the problem. The composite timber-concrete systems in
nowadays are widely used technique in repair and reconstruction of old dwelling
and especially being possessed of historical heritage buildings. By applying the
concrete layer on a system of timber beams and connecting those by mechanical
fasteners accessible system can be achieved capable to resist existing and
additional actions. This technique lets us to save the old original structural timber
elements and improve the properties of ceilings such as sound and fire
resistance; to improve the load-carrying capacity and prepare it for further
exploitation.

The screws as connectors are used widely for timber to concrete
connections due to its popularity in timber to timber connections and easy
installation. In a traditional way they are arranged perpendicular to the timber
grain but in this way no effective stiffness of connection could be reached. The
arrangement of screws perpendicular to the shear plain provides high slenderness
for the connection, because of the bending actions on fastener and large
embedding deformations of the timber grain. The slenderness of connection can
be reduced and the load-carrying capacity increased when the screws are inclined
to the shear plain, because due to the fact that the screws are more loaded in
tension and less in bending, and the timber is less loaded in compression.
Although the inclined screws in practice are used increasingly the formulas for
design of load-carrying capacity for connections are not set.

The load-carrying capacity of the connection depends on the properties of
the material of connected member and the connectors. The load-carrying
capacity and the failure modes of composite timber-concrete connections with
screws arranged perpendicular to the shear plain can be evaluated with model
intended for dowel type connections, which assumes the behaviour of material as
rigid perfect plastic. However, when the screws are inclined in respect to the
shear plain (mostly in the direction of shear forces) the rigid perfect plastic
material model is insufficient to evaluate accurately the failure mode of
connection, because it is characterised not only by the bending and embedding
capacity of the fastener and the timber grain but also by the withdrawal capacity
of the screw. At angles near to 90 ° the failure mode can be characterised by the
yielding of the fastener subjected by bending moment or by yielding of the
timber grain or both at the same time. At low angles the failure of connection can
be characterised neither by the bending capacity of the screw nor by the
embedding stresses of the timber grain. The appropriate failure mode and the
characteristic values of inclination angle for the screws can be evaluated and
estimated by the predicting model for load carrying capacity based on the more
realistic behaviour of the materials of connected members — elastic-plastic
behaviour.



Subject of research. The subject of the work is the timber-concrete
composite connection with inclined screws.

Aim and tasks of the research. The aim of the work is: experimental
investigation of composite timber-concrete connection with screws inclined in
respect of shear plain; the definition of short- and long-term load-carrying
capacity, and deformability; determination of the mechanical parameters for
connected members and the fasteners; the development of the predicting load-
carrying capacity model for connections with inclined screws, evaluating the
more realistic behaviour of materials — elastic-plastic behaviour. The main tasks
of the research:

1. Analysis of predictive models for load-carrying capacity for timber to
concrete as well as for timber to timber connections used in literature
and normative documents.

2. Choosing the basic calculation model and developing the model for
load-carrying capacity of timber-concrete beams interconnections with
inclined screws, evaluating their strength and deformability.

3. Experimental determining the short- and long-term load-carrying
capacity as well as deformability of chosen interconnection.

4. Experimental determining the main parameters of the interconnection
for the validation of developed theoretical model.

5. Verifying the theoretical load-carrying capacity predictive model in
respect to performed experimental results.

6. Simplifying the developed theoretical model and its verifying in
accordance with experimental results obtained also by other researchers.

Scientific novelty

1. Classification of the timber to concrete connections by the type of the
connector and rigidity of connection.

2. The theoretical predictive model for determination of load-carrying
capacity of timber-concrete composite connection with screws inclined
at any angle to the shear plain.

3. The constitution of the simplified engineering algorithm of calculation
of the theoretical load-carrying capacity for connections with inclined
SCrews.

Methodology of research. The short- and long-term tests of investigated
connection and materials of connected members and fasteners were performed in
accordance with European test standards. The theoretical models for load-
carrying capacity of timber-concrete composite connections with inclined screws
were developed on the base of chosen theory for timber to timber connections
with dowel type fasteners.

Practical value. The predictive model for determination of load-carrying
capacity of timber-concrete composite connections with at any angle to the shear
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plane inclined screws based on the strength and the stiffness parameters of
materials of connected members was developed.

Defended propositions

1. The load-carrying capacity predictive model for timber-concrete
composite connections with inclined screws based on the strength and
the stiffness parameters of materials of connected members.

2. The failure mode of connections with inclined screws depends not only
on the quantity of possible plastic hinges formed in the fastener at limit
state but also on the angle between screw axis and timber grain.

The scope of the scientific work. The scientific work consists of the general
characteristic of the dissertation, 5 main chapters, conclusions, list of literature,
and list of author’s publications. The total scope of the dissertation: 128 pages,
182 numbered formulas, 55 pictures and 13 tables.

1. Timber to concrete connections. The predictive models

This chapter reviews the timber to concrete composite connections as well
as the predictive models for determination of load-carrying capacity. It contains
the view on existing load-carrying capacity predictive models used in timber to
timber and timber to concrete connections, mainly for dowel type fasteners. The
reviewed connections were classified by the type of fasteners and its stiffness.

The analyses of existing theoretical and experimental investigations showed
that the connections with inclined screws possess the greater load-carrying
capacity and stiffness as those with perpendicular to the shear plane arranged
fasteners. These superior characteristics are due to the reduced bending effect of
the screws and increased internal forces that affect the screws in tension, so the
withdrawal capacity is exploited.

Analyses of theoretical models for load-carrying capacity of connections
represented by numerous authors have showed that there is no computational
model for connections with inclined screws and in practice only the empirical
formulas and only for particular screws may be used.

2. Development of predictive model for timber to concrete composite
connection with inclined screws

Recently the methods of calculation of load-carrying capacity of dowel type
connections are based on Johansen (1949) theory, which assumes the behaviour
of connected members and fastener material as rigid-plastic. This assumption lets
to determine the load carrying-capacity (yield load) very well for bolted or nailed
connections, and satisfactorily for screwed connections. Another theoretical
model (Kochenov 1953) which was adopted in timber design codes in Russia is



based on more realistic behaviour of element material, and on the limited value
of embedding deformations ( 8, , =25}, ., ) of the timber under the fastener.

The theory of Kochenov (1953) was applied to timber to concrete
connection with inclined screws because of possibility to relate the embedding
and withdrawal deformations of the timber under the screw shank. The basic
scheme for fastener loaded by moment and shear forces as well as stress
distribution in timber is shown in Fig.1.
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Fig. 1. The basic scheme for fastener; distribution of stresses and deformations

Using this scheme (Fig. 1) and changing the values for B, (Eq. 1) it is
possible to obtain the load-carrying capacity for the fastener in the range from
the elastic till the plastic (yield) solution. Parameter By =h,/h; — is the ratio of

the lengths of elastically and plastically compressed timber grain under the
screw, and accordingly to Fig.1 can be expressed so:
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Accordingly to the results of experimental tests (represented in Chapter 3),

the simplified relationship between strength and slip deformation for embedding
and withdrawal strength was assumed (Fig. 2).
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Fig. 2. The real and the idealised curves for embedding (1) and withdrawal (2) stress-
deformations relationships

The following main assumptions for predictive load-carrying capacity
model have been made:



e  The behaviour of timber under the screw is simplified to the bilinear
elastic plastic and linear elastic for embedding and withdrawal strength
respectively (Fig. 2);

e The bending capacity of the screw is taken as yield moment M ;

e  The fixing of the screw in concrete is assumed as a stiff;
e  The failure modes are defined at a limit deformations &, , =245, ., for

embedding and 6, , =6, for withdrawal deformations;

e  The equations of equilibrium are written on non-deformed screw axis;

e  The elongation of the screw due to the tensile forces is neglected.

The characteristic of three possible failure modes and the internal forces and
stresses as well as deformations for screwed connection are shown in Fig. 3.

(b)

= a.sin o= T%”<Ha-sin oﬁ>‘
Fig. 3. First (a) and second (b) failure modes: stress distribution and deformations

The first failure mode is characterised by the ultimate embedding
Opu =20, or withdrawal &, , =5, ., deformation, and the second failure

ax,u

mode — also by the one ultimate bending moment M, in a screw shank at an

interface between timber and concrete. The third failure mode is when the
stresses in timber under the screw arouse second ultimate bending moment in the
screw shank at a point retired from shear plane in a distance a, = #;. The relation

between the embedding and withdrawal deformation for first and second (and
third) failure modes are &,/8,, =tana and &, = ay(sina/sin(a —0)—1), when
tan@ = (8, + 8, )/ 5 (1 + By ) respectively. For simplification of equations for load-

carrying capacity the following parameters in equilibrium equations were used:
By=04/fy and B, =0,/ f, — intensity of embedding and withdrawal stresses

at failure mode. By characterizing the strength and deformability parameters
kio> ke and ks (here kyo=fy/fuas kc=Ci/Coq»> ks=ks[k, and
Cax = fax/Oux.et » Ch = Jn/One ) the equations for relative load-carrying capacity
for the first failure mode and the characteristic angles «;, and «, can be
obtained:
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Fig. 4. Relationship between relative load-carrying capacity T/ad f, and angle o for
the first (a), second (b), and the third (c¢) failure modes
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. 2k6 a
sin @ + ——————cos«a, when azay,
ko tana
T .
=<{sina + cosa, when «a, <a<a, 2
ad fh kf,a
tana .
sina + cosa, when a<ay,
o, f,a
tanay, =2ks , 3)
tana,, =kg. “)

The first failure mode is appropriate for relatively short screws, when at
ultimate state the timber grain yields plastically along the screw shank.
Increasing the length of the screw, the embedding stresses distribute non-
uniformly (Fig. 3b) and the induced bending moment at shear plain can reach an
ultimate value — M, . The resultant embedding force can be found from equation

of equilibrium of bending moments:

1
h§’—3a2ﬁH(+—ﬁH—2y]h3+2a3 -0, (5)
Bu
v dz fy . . .
where: u :—27 — parameter defines the ratio between ultimate bending
32a h

moment of the screw and the superficial bending moment induced by plastically
yielded timber along whole embedded screw length a .

From relation between embedding and withdrawal deformation (mentioned
above) the equations for relative load-carrying capacity for second failure mode
are:

By, sina + Bax cosa, when azay,
kf,a
T .
T By sina + P cosa, when ¢, <a<a, (6)
ad f, fia
By tana . 1
sina + cosa, when a<a,.
S,a fa

The parameter S, in second formula of Equation (6) is equated to unity,

though should be obtained by approach way. By the approximate solutions
(when a<a;) found for second and third failure modes (Fig. 4) the exactly
solution is depicted by dots.

By increasing the embedding length of the screw in timber, the bending
moment increases herewith, and the third failure mode occur when two plastic
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hinges in the fastener develop. For this failure mode the equations of relative
load-carrying capacity of the screw are the same as for the second failure mode,
with parameter £, value obtained from equation:

1By (b a :06271\/3, ;
5=, 2ﬁH(a+th 2T\ @

Because of disadvantage of the third order equation (5) it can be simplified
by increasing the ultimate deflection of compressed timber zone under the screw
till the value of &,/6, ., =2,15. This value was obtained by changing the g

value and solving the third order Equation (6) until the distances 4 =#h,. So the
embedding stresses o; (Fig. 1b) equals to the maximum value f; , and Equation
(5) turns in to quadratic one (8), and parameter S, value can be obtained:

B2 —ah3-a2(%j=o; )

By :%:0,5(,/3“2# —1). ©

The characteristic value for parameter ux at which the third failure mode
occur was found from equality of right sides of Equations (7) and (9) —
approximately 0,05. The difference between solutions of the third (solid line)

and second order (dotted line) equations is depicted in Fig. 5, where T =T/ad f;, .

2,0 T 2,0 T
1 =0,044 1 =0,044
T —_ ko=04 I~ ke =02
6 Ky =0.5 c 6 k=05 c
1,2 1,2
0,8 0,8
s 15
0,4 0,42 0,4 0,42
t t t t t t o t t t t t t o
0 15 30 45 60 75 90 0 15 30 45 60 75 90

Fig. 5. Relationship between relative load-carrying capacity T and angle o for the third
failure mode
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3. Experimental investigation of the connection

The short- and long-term push-out tests on timber-concrete composite
connections with screws inclined at an angle of 45° was carried-out at Vilnius
Gediminas Technical University, at the laboratory of Dept of Steel and Timber
Structures. Six for short-term and six for long-term loading double-shear
specimens (Fig. 6) with concrete encased timber from two sides were tested. As
a fastener the BiRa®-IngBau-Schrauben M6x100 screws were chosen.

2\
\\\BsiN

280
<

i N

Fig. 6. The scheme (left) and view of the test equipment (right) of timber-concrete
composite connections

Beside the main push-out tests the mechanical properties of materials of the
connected members and the screws were performed. The main results are
presented in Table 1.

Table 1. The main results of short-term tests

Push-out tests

Parameter Floax K; ‘ Ker | Koe | Kog Vo1 | Vo4 ‘ Vi,mod
Units N N/mm mm

Mean value | 4669 8539 8809 8330 6496 0,242 0,242 0,243
Dev, % 6,4 30,6 36,0 34,6 39,8 24 4 32,5 38,3

Embedding and withdrawal tests

Parameter fh | fax,O ‘ fax,45 | fax,QO Kh | Kax,O | Kax,45 ‘ Kax,QO
Units N/mm? N/mm’

Mean value | 29,54 | 16,93 17,87 | 19,11 9,88 26,9 25,5 243
Dev, % 4,51 7,2 2.3 5,6 13,23 1,82 4,80 6,56

The failure of all specimens was the same — the fasteners were cut at the
interface of timber and concrete at a deformation of approximately equal to
10 mm, though the maximum load (load-carrying capacity) was reached at a
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deformation of 2mm. After opening the tested specimens it was fixed that the
screws were lithely bent at a point of shear plain, what lets to suppose the failure
mode characterised by one plastic hinge. The ultimate tensile strength —
£, =1562 N/mm* and compression strength of the concrete f, =30,5 N/mm’

respectively (at the day of the push-out tests) was obtained.

The long-term push-out tests were performed from the same batch as for
short-term ones. The connections were loaded at 40 % load level for 100 days at
a laboratory room with uncontrolled environment. The obtained deformations
and the changes of the environment parameters are shown in Fig. 7.

tRH, % ’ 0,6 rv, mm (=220 0= OO im0 O
%0 ' /& &%‘@/ SRS ) m@gicm@@lgzg——g—olfo 0
80} 19/% &S E 0.5 g

o 06— 49—«
e 0.3 Rt s 805 o o o
20 f & 0,2 R REERE=-8-08=8—238 S

Core© @Y o
& 0,1 —w=Average
15 5 e
, N e @oed O,OZT t, days
1o L€ b days | 0107 | o e =
0 20 40 60 80 100 0 20 40 60 80 100

Fig. 7. The changes of temperature and the relative humidity of environment (left) and the
load-slip curves during the long-term loading (right)

Though the slip deformation has established in 60 days the average value of
creep coefficient kg (7100,f002) =0,943 was obtained. After tests with retaining

loading the specimens were tested till the failure. The load-carrying capacity was
not decreased conversely slightly higher — mean value of 4843 kN per screw.
The amount of irreversible deformation was 17% from whole creep
deformation.

4. Evaluation of experimental investigation of the connection

In this chapter the results of experimental tests were analyzed and evaluated.
The sort-term load-slip curves of connections were approximated by the Foschi
(1974) and Jaspart (1994) models and the values of main parameters determined.
It was obtained that latter corresponds better the behaviour of connection due to
its additional parameter d;, for which the value of 2 was assumed.

Based on 100 days long-term loading results the values for creep coefficient
Kaer (T,t902) for 0,5, 10 and 50 years were mathematically forecasted and

corrected by the method proposed by Van de Kuilen (2005) — 1,4, 1,9 and 2,6
are for the first service class respectively.
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5. Evaluation of the developed predictive model

The theoretical predictive model for load-carrying capacity of connections
with inclined screws represented in Chapter 2 can be simplified: ignoring the
relatively short screws ( x> 0,5 ) and accepting the experimentally obtained value
of k- =0,4 the equations for load-carrying capacity can be rewritten so:

By sina + Pax cosa |ad fy, when azay,
f.a
T =<| B sina + cosa |ad f;, when o, <a<aq, (10)
f.a
t . .
Bytana sina + cosa |ad f;,, when a<ag,.
2,5k o kfa

And the values of characteristic angles would be:

tanay, ~5,4k; o ; (11)
tana,, ~2,5ks 4 . (12)

Because the values of characteristic values of angles are accurate for the
first failure mode, and only approximate ones for other two modes, the Equation
(10) may be rewritten with minimum sign. Assuming the value for 8, =1 (so

estimating the plastic characteristic of withdrawal capacity of screws) in the first
formula of Eq. (10) (&, < <90 °), the following Equation (13) can be obtained:

cosx

(ﬂh sina + P

jadfh,
T = min /.

(13)
(ﬂh tana

9

sin o +cos ajad Soxar-

The parameter g, is the minimum value of two ones obtained from Eq. (7)
and Eq. (9).

When the inclination angle of the screw is 90 °, second member in the first
formula of Eq. (13) turns in to zero, though the withdrawal capacity has signifi-
cant increase in load-carrying capacity also for this arrangement. This influence
can be evaluated by the calculating the angle 6 at the failure mode. The value
for 6=15° was obtained as a mean value when the timber density and the screw
diameter as well as tensile strength vary between the values of 350+550 kg/m’,
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6+16 mm and 180-1000 N/mm” respectively.

So the load-carrying capacity of connection with screws arranged in a shear
plain at an angle of 90 ° is:

0,26
kr .90

T—[ﬁh+ ]adfh, (14)
where: k799 = fi/ fux90 -

The results of theoretically (7 ) computed values in consonance with
simplified approach for load-carrying capacity are compared with the experi-
mentally estimated ( F ) also by the others researchers and are depicted in
Figure 8.

F|T
1,09 121 0,96
1,50 ! ! g
1,25 : 4
¢ I >
1,00 E (DA) B
g © (BLASS 1999) é
= (FAUST 1999) &
0,75 5 (KUENG 1987) 8
4 (DEAM 2008) o
0.50 A (TIMMERMANN 1993)

30 45 60 75 90 a

Fig. 8. Comparison between theoretical (7" ) and experimental ( £ ) values of load-
carrying capacity

With symbols DA named in Fig. 8 dots are the results of author of the work:
by tests obtained the mean value of load-carrying capacity of connection with
screws inclined at an angle 45°is F =4669kN, and theoretically computed one
is T=4373kN consequently the ratio F/T=107. The theoretical and
experimental obtained failure mode of the screw is characterised by one plastic
hinge at shear plain coincide. The mean values of ratios F/T compared the re-
sults found in literature when inclination angles are 45°, 60 ° and 90 ° is equal to
1,09, 1,21 and 0,96 respectively.

General conclusions

The dissertation investigates the behaviour of timber-concrete composite
connections with inclined screws under short- and long-term loading and the
developed theoretical model for determination of load-carrying capacity of such
type of connections represented. After developing the theoretical model based on
elastic-plastic behaviour of materials of connected members as well as after
performing the experimental tests of connections under short- and long-term
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loading and after verifying the model, there were formulated the following
conclusions:

1.

The theoretical model was developed on the base of Kochenov (1953)
model by applying the additional equations for the embedding and
withdrawal deformation of timber grain under the screw. The developed
model allows calculating the load-carrying capacity as well as the
corresponding deformation, and precisely evaluating the failure mode of
connections.

The parameter x was involved which shows the possible number of
plastic hinges in the screw at the failure mode of connection. The
characteristic values for this parameter were defined, and they are equal
to— 0,5 and 0,05. When x>0,5, the plastic hinge in the fastener does
not develop — the first failure mode. When 0,5> x>0,05 one plastic
hinge develops in the screw — the second failure mode; and when
1#<0,05 — two plastic hinges develop in the screw — the third failure
mode.

The ranges of characteristic angles «;,=77+81° and «, =64+70°

between the screw axis and the timber grain were distinguished. The
embedding and withdrawal capacity of timber is fully used when
a =a; . When the angle is between the values of 90 ° and «,, is only

embedding fully used, and when the angle is a<ea, — only the
withdrawal capacity. By the values of «;, and «, the ductility of
connection can be supposed.

The simplified computational model for the connection load-carrying
capacity was proposed, based on the ultimate embedding deformation
2,156, ., of the timber grain.

By the experimental tests the main mechanical characteristics of the
connection were obtained: the slip modules K; and K,,., which are 2

times greater as they may be computed according to ECS5; the load-
carrying capacity under short-term loading, and after long-term loading;

The approximation of experimental load-slip curves was performed, and
the values of parameters for Foschi and Jaspart models have been
derived. The latter model fits more to investigated connection because
more precisely it describes the elastic-plastic and the plastic ranges of
load-slip curves. The values of creep deformation factors were
kaer (7,1902) obtained and adjusted by the method proposed by Van de

Kuilen for the first service class and different load durations: for the
short, medium and long term loading are 1,4, 1,9 and 2,6 respectively.
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7. The algorithm for computation of load-carrying capacity of investigated
connection according to the developed theoretical model was
represented. The theoretical and experimental results were compared —
disagreement was only 6 %. Hence can be stated that the theoretical
model for timber-concrete connections with a screws inclined with
angle to the grain of 45 ° can be used.

8. The simplified computational approach for model of load carrying-
capacity for timber-concrete composite connections with any angle to
the grain inclined screws was represented. The experimental results of
others researchers were compared to the theoretically obtained values
by developed the simplified computational model. The scatter of results
is: 0,88+1,3 for inclination angle 45°; 0,66+1,49 — when angle is 90 °
and 1,13+1,27 — when 60 °. Mean values of scatter equals to 1,09, 1,21
and 0,96, for angles of inclination «=45° «a=60° and «=90°
respectively.
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KOMPOZITINIU MEDINIU-BETONINIU SUU
TARPSLUOKSNIO [ZAMBINES MEDSRAIGTINES
JUNGTIES ELGSENA

Problemos formulavimas. Kompozitinés medinés-betoninés konstrukcinés
sistemos Siandien placiai taikomos seny mediniy ypa¢ istorini kultlirini pavelda
turin¢iy pastaty perdangy stiprinimui ir jy rekonstravimui. Vir§ medinio sijyno
irengus monoliting betono plokste ir ja patikimai inkaravus jungémis, gaunama
kompozitiné sistema, galinti atlaikyti ne tik esamas, bet ir didesnes naudojimo
apkrovas. Tokia konstrukciné-kompozitiné sistema leidzia iSsaugoti autentiSka
medinio denginio sijyna, kartu pagerinant ne tik jo fizikines savybes —
pralaiduma garsui ir atsparuma ugniai, bet ir mechanines — stipruma ir standuma.
Sios sistemos vis dazniau taikomos ir naujai statomy gyvenamosios paskirties
mediniy karkasiniy namy perdangy konstrukcijoms.

Kompozitiniy mediniy-betoniniy sijy stiprumas ir standumas priklauso nuo
jungties tarp sudétiniy skerspjivio daliy stiprumo ir standumo. Turint
pakankamai duomeny apie jungtj — jos trumpalaikg¢ bei ilgalaikg elgsena,
laikomaja galia, deformacines savybes, galima sprgsti ir apie paties kompozitinio
elemento elgsena, laikomaja galia, jo kompozito poveikj.

Medsraigciai, kaip ir vinys, kompozitinés medinés-betoninés sijos jungtyje
naudojami dél savo kaip jungés plataus naudojimo ir ilga laika taikymo mediniy
elementy jungtyse, dél ju paprasto irengimo ir dél mazo medinio elemento
skerspjiivi silpninancio poveikio. Ankstesnéje praktikoje dazniausiai mediniy ir
kompozitiniy mediniy-betoniniy elementy jungtyse medsraigtinés jungés buvo
orientuojamos 90 laipsniy kampu medienos pluosto atzvilgiu — statmenai
elementy Slyties plokStumai. Taciau medsraigtinés jungtys pasizymi didesniu
standumu ir didesne laikomaja galia, kuomet medsraig€iai orientuojami kampu
medienos pluosto (ar Slyties plokStumos) atzvilgiu, taip iSnaudojant medsraig€iy
iStraukimo i§ medienos ir glemziamos medienos po medsraigéiu laikomasias
galias. Tad vis dazniau sutinkama atvejy, kuomet medsraigciai sriegiami kampu
medienos pluosto atzvilgiu — dazniausiai 45 °.
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Nors praktikoje sutinkama vis daugiau jzambiai medienos pluostui
orientuoty medsraig¢iy, taciau jiems skaiciuoti projektavimo normose formulés
néra pateikiamos. Dazniausiai ju laikomoji galia yra vertinama bendraisiais
inzineriniais metodais — apribojama ju iStraukiamoji i§ medienos galia. Taciau tai
néra tikslu, nes jzambiai medienos pluostui orientuoti medsraigéiai yra veikiami
ne tik iStraukiamyjy, bet ir glemziamyjuy jéguy bei lenkiamuyju momenty.
Priklausomai nuo kampo tarp medsraigCio asies ir medienos pluosto medsraigciu
laikomoji galia gali biiti pasiekta iSnaudojus glemziamos ir iStraukiamos
medienos bei medsraig€io laikomasias galias. Ir tik esant labai maziems posvyrio
kampams medienos pluosto atzvilgiu, medsraig€io ir pacios jungties laikomoji
galia gali biiti {vertinta iStraukiamaja i§ medienos medsraigcio laikomaja galia.

Siuo metu kaistiniy ir virbaliniy mediniy ir mediniy-betoniniy elementy
jungéiy laikomoji galia vertinama teoriniais modeliais, gristais tampria idealia
standzia medziagy ir elementy elgsena. Nors ir taip galima apytiksliai nuspéti
jungties laikomaja galia, taciau negalima tinkamai jvertinti jungties deformaciniy
savybiy. Todél, siekiant jvertinti jungties deformacines savybes, biitina jung¢iy
skai¢iuojamaji modelj vertinti remiantis realesne medziagy ir elementy elgsena —
tampria plastine.

Darbo aktualumas. Medsraigtiniy jung€iy elgsena ir laikomoji galia,
kuomet medsraig€iai yra orientuoti statmenai sujungiamy elementy Slyties
plokStumai, yra gerai iStirta ir projektavimo normose joms skaiciuoti pateiktos
formulés. Taciau jzambiai jungties Slyties plokStumai jsriegty medsraigciy,
turinCiy teigiama poveikj jungties laikomajai galiai ir deformacinéms savybéms,
skaiiavimo metodikos projektavimo normose néra. Egzistuoja tik tam tikro tipo
specialiesiems medsraig€iams skirti praktinio taikymo vadovai ir galiojantys tik
tam tikruose atskiros Salies rajonuose; paprastai mechaninés charakteristikos ir
laikomosios galios formulés yra iSvedamos specialaus tipo medsraigéiams ir tik
tam tikroms posvyrio kampo reikSmeéms.

Tyrimy objektas. Darbo tyrimy objektas yra kompozitiniu mediniy-
betoniniy konstrukciju medsraigtiné jungtis, kurios Slyties plokStumoje
medsraig€iai yra orientuoti {Zambiai medienos pluosto atzvilgiu, ir jos elgsena
kompozitiniy mediniy-betoniniy sijy tarpsluoksnyje.

Darbo tikslas. Sio darbo tikslas yra trumpalaikiais ir ilgalaikiais
eksperimentiniais tyrimais iStirti kompozitinés medinés-betoninés medsraigtinés
jungties elgsena, nustatyti jos pagrindinius stipruminius ir deformacinius
rodiklius ir rasti pagrindines jungti sudaranciy medziagy ir gaminiy mechanines
charakteristikas, lemiancéias jungties stipruma ir standuma, ir sukurti tokiy
jungéiy laikomaja galia ir deformacines savybes ivertinanti skai¢iuojamaji
modelj bei inZinering metodika.
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Darbo uZdaviniai. Darbo tikslui pasiekti buvo spresti Sie uzdaviniai:

1. Atlikta literatiroje pateikiamy mediniy ir kompozitiniy mediniy-
betoniniy elementy jungéiy laikomaja galia ir deformacines savybes
vertinanciy metody apzvalga ir analize.

2. Sukurti kompozitinés medinés-betoninés medsraigtinés jungties, kurioje
medsraigciai orientuoti kampu medienos pluosto atzvilgiu, skaic¢iavimo
modelj, {vertinant] jungties stiprumg ir deformacines savybes.

3. Eksperimentiskai nustatyti tokiy jungciy trumpalaike laikomaja galia,
slinkties deformacijy modulius ir ilgalaikes deformacines savybes.

4. Eksperimentiskai nustatyti jungti sudaran¢iy elementy medziagy
mechaninius  ir  fizikinius  rodiklius, reikalingus  teoriniam
skai¢iuojamajam modeliui pagristi.

5. Patikrinti sukurtojo jungties skaiiuojamojo modelio tiksluma
sugretinant juo gautus rezultatus su eksperimentiskai nustatytais.

6. Sukurti tokiy jungéiy inzinering skaic¢iavimo metodika ir ja pagristi ir
kity autoriy eksperimentiniy tyrimy rezultatais.

Tyrimy metodika. Remiantis atitinkamais Europoje galiojanciais
standartais, atlikti kompozitinés medinés-betoninés sijos jung€iy su jZambiai
Slyties plokStumai orientuotais medsraigciais, bandant jas trumpalaike ir ilgalaike
apkrovomis, eksperimentiniai tyrimai. Sukurta tokiy medsraigtiniy jungciy
laikomosios galios skai¢iavimo metodika remiantis mediniy elementy kaistiniy
jungciy laikomajq galig vertinanciu teoriniu skai¢iuojamuoju modeliu.

Darbo mokslinis naujumas. Rengiant disertacija gauti statybos inzinerijos
mokslui nauji rezultatai:

1. Atlikus literatiiroje pateikty kompozitiniy mediniy-betoniniy jungciy
eksperimentiniy tyrimy rezultatus, suklasifikuotos jungtys pagal jungés
tipus ir jungties stipruma.

2. Sukurtas kompozitiniy mediniy-betoniniy elementy jung€iy su izambiai
Slyties plokStumoje orientuotais medsraig€iais laikomosios galios
skai¢iuojamasis modelis, pagristas vienu i$§ mediniy elementuy kaiStiniy
jung¢iy skai¢iavimo modeliu.

3. Sudarytas jungties laikomosios galios apskai¢iavimo algoritmas ir
sukurtas supaprastintas inZinerinis jungties laikomosios galios
skai¢iuojamasis modelis.

Darbo rezultaty praktiné reik§mé. Rengiant disertacija gautas statybos
inzinerijos mokslui naujas rezultatas — sukurtas jungties laikomaja galia ir
deformacines savybes vertinantis teorinis skai¢iuojamasis modelis, kuris gali biiti
taikomas tiek {zambiai, tiek ir statmenai S$lyties plokStumoje orientuotais
medsraigciais sujungty kompozitiniy mediniy-betoniniy elementy jungtims.
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Ginamieji teiginiai

1. Kompozitinés medinés-betoninés su jzambiai Slyties plokStumai
orientuotais medsraigciais jungties laikomosios galios skai¢iavimo
metodas, pagristas stipruminiais ir deformaciniais kriterijais.

2. Jungties irties pobiidis priklauso ne tik nuo jungties elementy ir jungiy
mechaniniy savybiy, galimy tariamai plastiniy lenkiamyjy momenty
susiformavimo skaiciaus, bet ir nuo medsraig¢io asSies polinkio kampo.

Darbo apimtis. Disertacija sudaro jvadas, penki skyriai, bendrosios iSvados,
literatiros ir publikaciju sarasai. Darbo apimtis yra 128 puslapiai, tekste
panaudotos 182 numeruotos formulés, 55 paveikslai, 13 lenteliy ir 113
bibliografiniy Saltiniy sarasas.

Ivadiniame skyriuje nagrin¢jamas problemos aktualumas, formuluojami
darbo tikslai ir uzdaviniai, apraSomas darbo mokslinis naujumas, pristatomos
autoriaus publikacijos ir pranesimai.

Pirmasis skyrius skirtas literattiros apzvalgai. Jame pateikta mediniy ir
kompozitiniy mediniy-betoniniy elementy jungéiy laikomaja galia vertinanciy
skai¢iuojamyjuy modeliy apzvalga. Pabaigoje suformuluotos skyriaus iSvados ir
suformuoti disertacijos tikslai ir uzdaviniai.

Antrajame skyriuje pateiktas pamatinio jungties laikomaja galia vertinancio
skai¢iuojamojo modelio pasirinkimo  pagrindimas, aprasytas jungties
skai¢iuojamojo modelio kiirimas ir jo supaprastinimas.

TreCiajame ir ketvirtajame skyriuose pateikta jzambinés medsraigtinés
jungties trumpalaikiy ir ilgalaikiy bei trumpalaikiy jungties elementy ir gaminiy
medziagy eksperimentiniy tyrimy rezultatai ir jy vertinimas.

Penktajame skyriuje pateiktas sukurtojo modelio vertinimas remiantis
atliktais eksperimentiniais tyrimais. Pateikiamas supaprastintas — jungties
inzinerinis skai¢iuojamasis modelis ir jo vertinimas naudojant kity autoriy
eksperimentiniy tyrimy rezultatus.

Darbo rezultatai ir iSvados. Darbo metu gauti Sie rezultatai:

1. Remiantis Kocenovo (1953) modeliu, skirtu kaistiniy jungciy laikomajai
galiai skaiCiuoti, ir papildzius ji medsraigéiu glemziamos ir
iStraukiamos medienos deformaciju darnos lygtimis, sukurtas
kompozitinés medinés-betoninés {zambinés medsraigtinés jungties
laikomosios galios skaiCiuojamasis modelis, kuriuo galima tiksliau
apibiidinti jungties irties pobudi.

2. Jungties irties pobldziui nuspéti jvestas parametras u, pagal kuri
galima nustatyti tariamai plastiniy medsraig¢io kotelio lenkiamuyjy
momenty susidarymo skaiciuy jungties irties pobtidzio atveju. Nustatytos
jo charakteringosios reik§meés — 0,5 ir 0,05; kai x>0,5, jungties irties
atveju medsraig€io lenkiamasis momentas néra didesnis uz ribinj —
pirmasis irties pobiidzio atvejis; kai 0,5> u>0,05, yra vienas ribinis
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medsraigcio kotelio lenkiamasis momentas — antrasis irties pobudis; kai
£<0,05, yra du maksimaliis medsraigcio kotelio lenkiamieji momentai
— treCiasis irties pobudZzio atvejis.

. Rasti jungciai budinguyjy kampu «;, =77+81° ir a, =64+70° réziai,
kurie patikslina parametru x nustatytus jungties irties pobudzius.
Medsraigéiu glemziama ir iStraukiama mediena irties pobiidzio atveju
gali buti visiS$kai iSnaudojama tik esant medsraigéio asies posvyrio
kampo reikSmei « = ¢, . Kuomet §is posvyrio kampas yra tarp 90 © ir
a;, , visiSkai i$naudojama tik glemziamoji mediena, o kai o <ea,, — tik
iStraukiamoji. Pagal kampu ¢, ir «, reikSmes galima sprgsti ir apie
jungties plastiSkuma.

. Remiantis galima didesne ribine medsraig¢iu glemziamos medienos
deformacijos reikSme, apytikriai lygia 2,156, , ir dél to sumaZzgjusiu

pusiausvyros lygciy laipsniu, pasiiilytas paprastesnis jzambinés
medsraigtinés jungties skaic¢iuojamasis modelis.

. Eksperimentiskai nustatytos kompozitiniu mediniy-betoniniy siju
izambinés medsraigtinés jungties mechaninés savybés: gautos apkrovos
ir slinkties deformacijy kreivés, trumpalaiké laikomoji galia, nustatyti
slinkties deformacijy K; ir K, moduliai, kuriy reikSmés yra apie 2
kartus didesnés lyginant su paskai¢iuotomis pagal projektavimo normas
Eurocode 5.

. Atlikta jungties deformacinés jégos kreivés aproksimacija matematiniais
modeliais: pateiktos parametry reikSmés Foschi ir Jaspart modeliams.
Nustatyta, kad pastarasis geriau tinka tirtosios jungties elgsenai aprasyti,
kadangi pradinis-tamprusis ir galutinis-krintantysis elgsenos tarpsniai
yra artimi tiesialinijinei elgsenai, be to, Sis modelis turi tampriai plasting
deformacinés jégos kreivés dalj {vertinant parametra. Eksperimentiskai
nustatytos kg (7,2902) reikSmés skirtingoms apkrovy trukmems buvo

pakoreguotos pagal Van de Kuilen pasiiilyta metoda ir pateiktos
pirmajai jungties eksploatacijos klasei: trumpalaikei, vidutinés trukmeés
ir ilgalaikei apkrovoms atitinkamai lygios 1,4, 1,9 ir 2,6.

. Pateiktas tirtosios kompozitinés jzambinés medsraigtinés jungties
laikomosios galios apskaiciavimo algoritmas, atitinkantis sukurtaji
teorini modeli. Gautas pakankamai geras rezultatas — nesutapimas tik
apie 6%. Tai leidzia teigti, kad teorinis modelis gali buti taikomas
izambiniy medsraigtiniy jungciy skaiciavimams, kai medsraig€io aSies
polinkio kampas medienos pluosto atzvilgiu yra 45 °.

. Pateiktas  tokiy jungCiy laikomosios galios skai¢iuojamasis
supaprastintas inzinerinis modelis bet kokiu kampu medienos pluosto
atzvilgiu orientuoty medsraigéiu laikomajai galiai apskaiiuoti.
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Sugretintos kity tyréju eksperimentiSskai nustatytos kompozitiniy
mediniy-betoniniy elementy medsraigtiniy jungiy laikomosios galios
reik§més su pagal supaprastinta inZinerinj jungties laikomosios galios
skai¢iuojamaji  modeli  apskaiiuotomis  reikSmémis.  Gautoji
eksperimentiniy ir teoriniy reik§miy santykiy sklaida yra 0,88+1,3,
kuomet medsraig€io aSies posvyrio kampas yra 45°, ir 0,66+1,49 —
kuomet 90° bei 113+127 — kuomet 60°. VidutiniSkai, reikSmiy
santykiai kai o =45° 60° ir 90° yra atitinkamai lygis 1,09, 1,21 ir
0,96, ir tai leidzia teigti, kad modelis gali buti taikomas iZambiniy
medsraigtiniy jungCiy skaiciavimams, esant bet kokiam medsraig€io
asies polinkio kampui medienos pluosto atzvilgiu.
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