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Abstract. For constructional purposes reinforcement bars or connecting elements (implants) of a stronger material are
installed in concrete, plastic, timber or another similar material-matrix. Structural concepts are being developed where
implants are used both as reinforcing and connecting elements. The implants increase the strength and rigidity of
structures. However, investigation of functioning of implants and generalisation of data obtained up to now have been
premature. Moreover, they do not help us to understand some empiric facts. In the course of the above-mentioned tests
(data concerning the tests were presented in previously published works), steel bars-implants with one meter thread were
screwed and glued into timber and then attempts to extract them were made. During the test, the bars were screwed into
holes in the timber filled with glue. The angle at which the implant was screwed through the layers of wood, the type
of glue and some other factors were changed. Such characteristics as strength, strain, breakage and the process of

deformation were analysed.
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1. Introduction

Use of glulams gave an impetus to renaissance of
applying this limited-size building material in modern
construction [1-3]. Therefore research of glulams is car-
ried out to a great extent [4—7]. Data concerning the
peculiarities of their functioning have been acccumulated
when structures [7-9] or their knots [10, 11] are exposed
to static [8—11] and dynamic [12] short- and long dura-
tion [6-8] effects. The data were extended by including
investigation in mechanics of parts under strain [13, 14],
new trends and concepts [14—16], new attitudes [16, 17]
concerning design standards of timber structures [18-20].
More consideration was given to elements strengthening
structures [21], eg reinforcing [22, 23], glued-in metal
implants [16, 22-24], environment of joining means [25]
etc. A special attention is paid to resources of reinforced
parts of glued-laminated timber, impossible to be evalu-
ated [21, 22]. Furthermore, attention is paid to concen-
trators of tension stress [25], breaking strain of elements
[26, 27].

Intensive application of glulams [2] and their sys-
tems [1-3] attracts more attention to various aspects of
their functioning [20, 28].

This has led to investigation of structures contain-
ing timber and some other material and their interaction

[29, 30]. In order to come to adequate conclusions one
should possess deep knowledge of interacting materials,
eg concrete-timber-metal, concrete-timber, timber-glue-
metal etc. This object of investigation (functioning of
other materials used in glued-laminated timber) has
reached an appropriate level [31-33]. It is worth to pay
attention to functioning of timber together with materials
the deformation modules of which greatly differ from
that of glued-laminated timber. All the research work
should be concentrated on practical application of inter-
acting materials, such as glued-laminated timber-rein-
forcement [16, 34], glued-laminated timber-steel bars (im-
plants) — glue [35], glued-laminated timber-reinforcing
implants-glue-cement [36] etc.

Research shows that in the environment of implants
distribution of their internal forces in matrix is uneven
and this causes concentrations of tension stress. Depend-
ing on the structure of material receiving an implant,
additional concentrations of tension stress may form.
They are caused by layers existing in matrix, micro-,
meso- and macrostructural defects, uneven adhesion of
implant to matrix etc. When implants are screwed in,
they may cause raised surfaces in matrix which are known
as classic concentrators of tension stress. Results of com-
paratively similar tests have already been published [34—
36]. Nevertheless, some generalisations made are worth
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of deeper analysis and require further discussion on de-
velopment of physical processes, their preconditions and
consequences.

The above-mentioned tests continue to be in focus
of attention. Screwed-in, glued-in and screwed-in-glued
metal bars-implants working for extraction or sometimes
for jacking are more and more widely used in medium-
size structures for joining timber elements in small
hydrotechnic and similar constructions. Functioning of
implanted bars is the object of investigation presented
herein. This method of joining is quite reliable and tech-
nological. The process of preparation of connecting ele-
ments meets the requirements approved in modern in-
dustrial production.

Taking into consideration the above-mentioned facts
the objective of the investigation carried out is to point
out the most significant factors connected with extrac-
tion of implants.

For this purpose the following problems were tack-
led:

1. As chemical and physical-mechanical properties
of glue may essentially influence adhesion and strength
of glulam surfaces, we investigated the action of some
popular kinds of glues on functioning the implant and
its limit state.

2. Considering a wide scale of structural anisotropy
of wood and its response to external actions across and
along layers, we investigated how the angle of screwing-
glueing into layers of timber influences the function of
implant and the strength of inset.

3. Following the trends in modern research such as
microand nano technologies of building materials, inves-
tigation of functioning of structural elements at micro
level, attention was given to different types of disbonding
of timber in the environment of implant and micro, meso
and macroconcentrations of internal forces connected with
them which are able to influence the functioning of the
contact between an implant and timber.

2. Tests

According to the research programme of built-up
beams, tests of connecting metal bars (implants) were
carried out in Moscow (CNIISK) and later at the Dept
of Civil Engineering of Siauliai University and at the
Dept of Building Structures of Kaunas University of
Technology.

Some results of the research were included in the
materials of conferences [35] and other publications.

Research on glued screwed-in metal bars (implants)
in timber is necessary because work of such structures
has not been sufficiently analysed and the data collected
are fragmentary and at the level of linear empiric corre-
lations.

That is why the objective of this work is to gain
more information about physical-mechanical processes in
the behaviour of implants.

The first series of tests was made to determine the
force necessary to extract an implant out of a wooden
prism and its dependence on the kind of glue used.

36 prism-shaped 140x140x300 mm and
140x140x900 mm test pieces were used. 20 mm diam-
eter one meter thread bars made of high quality grade
45 structural steel were screwed into those prisms-test
pieces (Fig 1). The screwing depth was equal to 10 di-
ameters of implant. Inclination of the bar axis in relation
to timber fibre was o.=0° and o =30°. Test pieces
were divided into 6 groups according to the type of glue
used. A tiny groove along the total depth of screwed-in
implant was cut to take away the surplus of glue. In such
joints the bars transmit the greater part of the load
through the adhesion of thread to timber [34, 35].

Fig 1. Means used in the experiment

The next series of tests was aimed at finding addi-
tional data and further analysis of the dependence of force
needed for extracting the implant on the angle of screw-
ing it into layers of timber. The angle of implant screwed-
in and the direction of timber layers varied at a wide
range 0% <o <90,

45 pieces (140x140%300 mm) were tested to deter-
mine the force necessary to extract implants screwed-glued
in at varying angles. 20 mm diameter 3 mm pitch one
metre thread bars made of grade 45 construction steel were
screwed into those prisms. We divided the test pieces
into three groups according to the brand of glue used:

» control group (implants screwed in without glueing)

+ implants screwed in and glued using phenol-
resorcine glue

» implants screwed in and glued using epoxy glue
without filler.

The same details about tested specimens are pre-
sented in Table.

Wood of coniferous trees, laminated pine timber was
used in tests. All specimens were cut from laminated
beams. The beams were made of boards (33 mm thick)
the dampness of which was up to 12 %. We selected
this kind of timber because it is most widely applied in
manufacturing laminated wood structures. Dampness of
timber is selected according to working conditions. No
other kinds of wood were used in the tests.
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Specimens for testing strength of implant-timber joints depending on the type of glue used

. . Implant Type | Force of
Series Dimensions | Type of le of depth of of | extraction
bxhxl, mm glue | 2n&€0 diameter, serewr) - aepth o ’
screwing type mm pitch, | screwing, |wood kN
a, mm mm
140%x140%300 0 bar with spiral 20 3 200 50,0
A0 | 140x140%300 | no glue 0 ridee 20 3 200 pine 441
140%x140%300 0 & 20 3 200 36,2
140%x140%300 30 bar with spiral 20 3 200 443
A30 | 140%140x300 | no glue 30 ridge 20 3 200 pine 54,1
140x140%300 30 20 3 200 56,5
140x140x300 henol- 0 bar with spiral 20 3 200 69,2
BO | 140x140%x300 fesorcin 0 ridoe 20 3 200 pine 74,1
140x140%300 0 & 20 3 200 60,4
140x140%300 henol- 30 bar with spiral 20 3 200 100,0
B30 | 140x140%x300 fesorcin 30 ridoe 20 3 200 pine 96,1
140x140x300 30 & 20 3 200 99,3
140x140%300 | modified 0 b ith soiral 20 3 200 70,2
CO | 140x140x300 | phenol- 0 ar with spira 20 3 200 | pine | 60,3
140x140x300 | resorcin | ¢ ridge 20 3 200 80,1
140x140%x300 | modified 30 b th soiral 20 3 200 104,1
C30 | 140x140x300 | phenol- | 30 ar Wit spira 20 3 200 | pine | 92,3
140x140x300 | resorcin | 30 ridge 20 3 200 92,1
140%x140%300 0 bar with spiral 20 3 200 83,2
DO | 140%x140%300 | epoxy 0 ridge 20 3 200 pine 86,1
140x140%300 0 20 3 200 78,0
140x140%300 30 bar with spiral 20 3 200 124,0
D30 | 140x140%300 | epoxy 30 ridge 20 3 200 pine 104,5
140x140%300 30 20 3 200 112,6
EO }jgi }33288 0 reinforcement 18 i 200 . 100,2
epoxy 0 AL G18 18 - 200 pine 98,5
140x140%300 0 18 - 200 102,1
X X -
£30 | 1404190300 | epory | 30 | Teimforeement | || 20 L ES
A-III 918 ’
140%x140%300 30 18 - 200 123,1
140%x140%300 0 bar with spiral 20 3 200 37,1
FO 140x140%300 | hermetic 0 ridge 20 3 200 pine 442
140%x140%300 0 20 3 200 42,0
140%x140%300 30 bar with spiral 20 3 200 49,0
F30 | 140x140%300 | hermetic 30 ridge 20 3 200 pine 48,5
140%x140%300 30 20 3 200 50,0
For glueing in implants we used industrialised pro- 3 Results

duction glues, which are widely applied in manufacturing
laminated structures in mass production and assembling
parts. Carrying out the tests we tried to meet the needs
of builders imitating situations they face in practice.

Chemical structure of glue was not investigated, be-
cause working standards governmental documents-strictly
regulate and ensure it.

Resistance of implants to extraction was tested us-
ing GMS-50 (Fig 2). In the first series of tests the load
was increased in steps (1 step = 6 kN) with the excep-
tion of test pieces in groups | and V where the steps of
increasing the load were equal to 10 kN. We measured
extraction of bars using clock-type indicators.

Having carried out the tests we drew the conclusion
that type of glue used greatly influences the functioning
of an implant. The influence of glue is especially obvious
when steel bars-implants are screwed in at an angle of
o=30° in relation to timber fibre. When o.=0° adhe-
sion of implant to timber is not sufficiently deep (Fig 3).

In this case quite frequently the implant thread dam-
ages the longitudinal fibres of timber-structural reinforce-
ment in the contact zone. The extent to which a screwed-
glued in implant resists extracting it out of prism de-
pends on the size of glued surfaces. Micro concentra-
tions of tensile stress may occur around timber fibres in
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Fig 3. Adhesion of implant thread to timber when angle
of screw o =0°

the same way as in other reinforced structures when tim-
ber elements are exposed to external influence. They
affect the process of forming damages in its initial stage
and implant-timber interaction.

The fracture at the joint of steel bar-implant with
timber is presented in Fig 4.

The strength of bar-implants is considerably higher
than that of timber (the difference equals at least one
grade). The stage of breaking strain process is consid-
ered to be functioning of a bar-implant at limit state. In
this case pressure decreases suddenly in the loading imi-
tating system (limit state I) and implant deformations
increase rapidly causing breaking strain at timber-implant
contact (limit state II).

Resistance of screwed-glued in implants of extrac-
tion may grow considerably depending on adhesion of
glue to a timber prism as well as on quality of implant
metal. In addition, the glue serves as a means of soften-
ing and even embedding of microconcentrators of defects.

For example, micro and nano technologies applied
to various types of concrete reveal that embedding of

Fig 4. Examples of how fracture of contact between bar —
implants and timber depends on angle a and type of glue.
Here the implant is fixed: a, f — screwed-glued by phenol-
resorcin glue; b, g — screwed-glued by modified phenol-
resorcin glue; ¢, h — screwed-glued by epoxy glue; d, i —
glued deformed reinforcement explant (A-III J18) using
epoxy glue; e, j screwed-glued in a hermetic seal

sharp-shape defects with plasticisers may increase the
strength of jointing medium which has been weakened
by microconcentrators rup to 1,5 times and more [6].
Using epoxy glue the strength of adhesion of screwed-
glued in implant to timber increases by 1,9-2,2 times in
comparison with control group where it is screwed wihout
using glue and merely 12-18 % in comparison with the
case when the implant is screwed-glued by phenol-resor-
cin glue.

Experimental data concerning the strength of extrac-
tion force F and interrelationship of deformations at the
contact between the implant and timber for variously
implanted bars is presented in Fig 5 (when the angle
between the implant and timber layers oo = 0° (a) and
o = 30° (b)).
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Fig 5. Forces necessary for extracting an implant-dependence of deformations on the angle of fixing it, when the angle
between the implant and the timber layers is oo = 0° (a) and oo = 30° (b) and is fixed by: 1) screwing in without using glue;
2) screwing-glueing by phenol-resorcin glue; 3) screwing-glueing by modified phenol-resorcin glue; 4) screwing-glueing by
epoxy glue; 5) glueing deformed reinforcement implant (A-III @18) by epoxy glue; 6) screwing and glueing in a hermetic

seal

Some of the types of glue penetrate timber to the

necessary extent (Fig 6). The glue fills all cavities, cracks
and other defects in timber sufficiently well. However,
resistance to extracting of implant using various types of
glue increases insignificantly. Thus embedding of
microconcentrators itself cannot increase the interaction
of timber and metal implant considerably. An example
supporting the above-mentioned fact is the test where a
silicate hermetical seal is used to join an implant with

Fig 6. Penetrating of phenol-resorcin glue into timber when
thread angle oo = 30°

timber. In this case the strain module is relatively small.
That is why it actually fails to carry load. However, glue
fills the cavities in timber, defects made in the process
of screwing etc. Thus timber itself is strengthened and it
softens the process of deformation when the implant is
being extracted.

The wooden prisms used in the test were compara-
tively small in size. Diameter of implant thread was in
fact not much larger than the net cross-section of the
part of the bar which was screwed in. So the concentra-
tion of tensile deformations in the environment of im-
plant developed in a comparatively small area (in pro-
portion to the size of test piece and the implant).

As we have mentioned above, the glue fills a part
of disturbances and binds a considerable part of spalls
and fibres damaged in the process of screwing. How-
ever, in case of screwed-glued in implant tested here there
is in fact no surplus of glue (pressure) in the environ-
ment. The glue is not able to fill the damages which
occurred at the surface of implant-timber contact, espe-
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cially those in weaker layers of timber. Spalls in stron-
ger timber layers are not all glued properly. Using popu-
lar glue one cannot achieve the same effect as using
special glues which are usual in micro and especially
nano [6] technologies.

Ejecting sufficiently liquid glue under pressure its
effect on strength of contact between screwed-glued in
implant and timber might be greater. Cavities in timber
around the contact could be filled more properly and
spalls could serve as reinforcement as in a timber-wool-
cement slab.

The first series of tests proved that the implant-tim-
ber contact undergoes brittle (quasi-brittle) failure. This
is typical in case when the screwing angle is aa=0 or
close to it. Extraction process is connected with greater
non-linear (Fig 5) plastic or quasi-brittle deformations
when «>30°. In this case the non-linear relationship
F —3 depends on accumulation of microdefects, as plas-
tic deformations both of timber and glue are compara-
tively small. They are more significant in the initial stages
of breaking strain. Thus limit states of an object and
non-linear relationship F —8 are usually determined by
accumulations of microdefects which merge to form
macrodefects.

The force necessary to extract implants glued in
deformed reinforcement bars out of their nests in timber
is by 10-18 % greater than that of screwed-glued in bars.
The explanation why it is so can be the larger failure
surface. After extracting a deformed reinforcement im-
plant the hole has a larger diameter than that after ex-
tracting a screwed-in implant. Using deformed reinforce-
ment bars increases the area of adhesion surface. In this
case extracting the implant destroys a part of timber in
its environment which is stuck to uneven parts of im-
plant by means of glue. Calculation of nominal stress
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Fig 7. To form a unit of area of a new surface part of
force (of nominal stress) necessary depends on the way
how the implant is inserted and on the angle the implant
makes 0°< ¢, < 90° to the direction of timber layers, when:
o — implant bars are screwed in without glue; o — im-
plants screwed-glued by epoxid glue; A — implants screwed
and glued by phenol resorcin glue; ® deformed reinforce-
ment bars are glued into nests prepared in advance. Here:
curve l-a is technically reliable, when ¢ =0,4 [MPa];
curve 2-a, when average value of constant is ¢ = 0,5 [MPa]

per unit of area of newly formed surface the values ob-
tained differ from analogous stresses calculated after
extracting a screwed-glued in implant merely by 5 %
(Fig 7).

It is not easy to explain all peculiarities connected
with resistance of implants to extraction considering only
principles of fracture mechanics, for example, calculat-
ing power consumption used to form a unit of area in
the new surface. The process of breakage at the end of
which the implant is extracted ultimately is not continu-
ous. It can be considered to be quasi-brittle containing
continuous stages of breaking strain and discretion op-
erations. Uneven distribution of tension stresses along
the surface of contact of implant with timber at the ini-
tial stage of continuous deformations can prove this

(Fig 8).
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Fig 8. Diagrams of concentrations of tension stresses
around the implant in longitudinal and latitudinal cross-
sections of a prism

Increasing the load tensile stresses and deformations
gradually equalise due to local discretions and other dif-
ferent microprocesses in the zone of action. Another fact
supporting this idea is that the nominal part of extrac-
tion force R,, necessary in forming an area unit of the
new surface, depends on the angle at which the implant
is screwed in (o) Dependence

Ry, = Rg+csinacosa, 1)

is used to approximate experimental relation of this value
to angle o, at which the bar is screwed-glued into tim-
ber layers.

Here R; — a part of force necessary to extract the
implant calculated per a newly formed area unit, when
screwing angle o = 0°.

In case of experiment described the average value
of constant is ¢=0,5 [MPa] (Fig 7, curve 2-a). When
c=0,4 [MPa], a technically reliable curve is obtained
(Fig 7, curve 1-a). The force necessary to extract the
screwed-glued in implant increases with the increase of
angle between the screw and timber fibres 0°<o<450.
The value decreases when angle a increases at interval
450 < 0, <90°. At the interval 40° <o <50° derivative
of force approximately equals 0. Therefore the depen-
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Fig 9. Quasi-brittle destruction of contact when timber
fibres have been bent

dence of the force necessary to extract the implant on
the angle a can be maximised on the basis of empiric
data using a definite sort of glue and a particular method
of fixing the implant.

With the increase of angle a the character of de-
struction of contact between implant and timber changes
significantly. Destruction of contact at the interval ap-
peared to be typically quasi brittle. Timber fibres through
which the implant had been screwed in were bent back
in the direction of extraction force and torn to pieces
(Fig 9).

In case when o was close to 0° or 90° the process
of failure was more brittle, the surfaces of contact break-
age were rather smooth, torn to a smaller extent.

At the end we came to the conclusion that this prob-
lem could be vitally important in a wider context of con-
structive tasks. It can be also connected with the analy-
sis of behaviour of constructional materials and moti-
vated interpretation of consequences. Thus, for construc-
tional purposes a reinforcing bar or some of them are
implanted into a matrix such as concrete, plastic, timber,
sometimes even metal. Elements used to join different
structures are engaged in a similar way. New ways of
solutions in engineering, where implants are used both
as connecting and reinforcing elements have been devel-
oped recently. In these cases the implants have been used
to increase the strength of constructional elements as well
as their rigidity. In all above-mentioned cases there are
concentrations of tension strains at micro, submicro and
macro levels. These concentrations greatly effect the work
of structures.

Research work presented here matches the strategy
of working-out and improving structures contemporarily
popular in Europe, especially such as large-opening
glued laminated timber. For example, international
organisation GLULAM [37] formulates its strategy in the
following way: “Laminated timber has been recognised
for a long time as a most appropriate basic material for
our design and construction tasks. It corresponds to an
algebra of constructions additive, associative and com-
municative. It also fulfills for our survival the necessary
condition of durability.*

That is why glued laminated structures should be
tested and more widely used.

4. Conclusions

1. The tests show that the type of glue used is rela-
tively a more important factor for the angle at which the
implant is screwed o = o° (the screw goes along timber
fibres). At such contacts adhesion of thread to timber is
not so deep. Timber fibres in the direct environment of
the implant are damaged in the process of screwing.
Therefore the quality of adhesion of glue to timber and
metal is vitally important.

2. The glue with a relatively small (in comparison
with timber) modulus of deformation in fact does not
take over the load. Therefore the strength of contact
implant-timber does not increase, deformability is great,
reliability is doubtful.

3. Even the glue having good adhesion does not
effect such properties as short-term resistance to extrac-
tion of screwed-glued in implants.

4. Extraction of implants screwed in along timber
fibre (fracture of contact with timber) when o =00 is
far more brittle. Plastic, time-dependent and quasibrittle
residual deformations are slight. Strength of contact de-
pends very much on the quality of glueing in the implant.

5. The best adhesion between the thread and timber
is obtained when implants are screwed in at

40° < 0.<50°. In this case the choice of glue does not
affect the result very much. In this case, however, func-
tioning of implant is connected with considerable residual
deformations (time-dependent deformations in timber and
quasibrittle limit failure). What concerns formation of
limit states implants screwed in at an angle are deform-
able to a great extent. In these cases their functional limits
according to the second limit state are very significant.
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DEFORMACIJU KONCENTRACIJOS IMPLANTUOTO STRYPO APLINKOJE IR JU NATURINIAI TYRIMAI

V. Keras, J. Roli¢ius

Santrauka

Betonuose, plastike, medienoje ar panasioje medziagoje — matricoje konstrukciniais sumetimais daznai yra jterpiami
stipresnés medziagos strypai — armuojantys implantai. Tobulinami inzineriniai kompleksinio implanty naudojimo
sprendimai, kai jie naudojami ir kaip armavimo, ir kaip jungimo priemonés. Taciau iki Siol sukaupti implanty darbo
tyrimy duomenys néra iSsamis, ju apibendrinimai — kiek skuboti.

Tesiant Siuos tyrimus, buvo bandomi jsriegti ir iklijuoti ar tik jklijuoti { puSing mediena stambieji metrinio sriegio
strypai-implantai. Buvo kei¢iamas implanto su medienos sluoksniais sudaromas kampas, kliju pobtdis, kiti veiksniai.
Buvo aprasytos stiprumo, deformatyvumo, irimo charakteristikos, nagrinéty procesy pobudis. Pasifilytos empirinés
pareinamybés: vidutiné, gauta, remiantis bandymy duomenimis, techniskai patikima $iy duomeny aibéje ir pan.

RaktaZodZziai: mediena, implantai, klijai, stiprumas, deformatyvumas, irimas.
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