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This study analyzes the performance of wooden structural floors equipped with the self-tensioning system patented by the authors,
consisting of a forcemultiplyingmechanism connected to a self-tensioning tendon,which is activated automaticallywhen the load is
applied to the structural element.The paper describes the system’s difficulties when the structural floor is subjected to asymmetrical
loads. The proposed solution consists of anchoring the tendon by an adhesive connection in the central part of the piece yielding
a favorable redistribution of the bending moments and an effective performance in terms of deformations. The comparative study
focuses on𝜋-shape cross section pieces with spans of 12m and 15m, using sections without prestressing andwith initial prestressing
and self-tensioning system.

1. Introduction

Traditionally, the application of prestressing has been focused
on concrete structures subjected to bending, with the goal
of compensating its low tensile resistance using precompres-
sion. In the case of wood, its high tensile strength has been
one of the main reasons why tensioning solutions have not
been widely developed.

The difficulty of making rigid connections with wood
means that deflected pieces have frequently been used and
arranged over simple supports. The rotation freedom inher-
ent to this type of support generates inefficient bending
stresses and provokes the dimensioning to be strongly
conditioned by deformation limitations. In the conditions
where the pieces are mounted on two supports, prestressing
techniques provide effective solutions to improve the perfor-
mance, in terms of both resistance and deformations.

Traditionally, prestressing of deflected pieces of wood
has been carried out using bonded tendons. These tendons
are made using steel bars or plates [1–5] or by using FRP
fibre-reinforced polymer [2, 6–10]. The tendons subjected
to tension are linked to the wood by adhesive connections,
usually using epoxy or polyurethane-based adhesives. Once
the adhesive has cured and the jack used for tensing the

tendon has been removed, the wood is subjected to compres-
sion. Normally, the tendons are placed eccentrically as they
generate a precamber in the piece.

Additionally, gravitational loads cause a more effective
distribution of the bending stress along the axis of the struc-
tural element. One of the main problems arising from ten-
sioning systems using bonded tendons is the delamination
in the anchorage area due to the high stresses concentration
[11, 12].

Besides the use of bonded tendons, other solutions have
also been studied with unbonded tendons that are tensioned
when the structural element is bearing loads.These solutions
have been employed in timber frames [13–15] and also to
improve the performance of beam-column connections [16,
17]. Another newly developed strengthening technique to
prestress glued laminated timber consists of inserting com-
pressed wood blocks with lower moisture content than the
ambient one, into the precut rectangular holes on the top part
of the glulam beams [18].

2. Self-Tensioning System

In deflected pieces mounted on two supports, the design
is determined by the compliance with the conditions of
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Figure 1: Multiplier device using a system of rods and 𝜋-shape cross section of structural floor.

deformation. One way to counteract this limitation is to
manufacture pieces with a precamber. Another option is
to carry out an initial prestress. However, the efficiency of
both solutions depends on whether the pieces have a camber
limitation based on the desired appearance of the work.
When the condition limiting the design is the integrity of
the construction elements (damage in pavement, ceilings,
etc.), the effectiveness of the solution using manufactured
precamber or initial pretension is affected when there are
significant variable actions. This means that, in the case of
long-span structural floors, usually associated with public-
use buildings with loads varying between 3 kN/m2 and
5 kN/m2, the use of an initial precamber does not completely
solve the significantly large variations in the deformations
produced in the structural element during its service life.
Therefore, this requires increasing the height of the structural
elements to gain rigidity.

A highly effective solution for resolving this situation is
the one involving the self-tensioning system patented by the
authors [19]. It consists of a force-multiplier device made up
of two connecting rods anchored to an eccentric tendon (Fig-
ure 1). When the structural element begins to bear external
loads, the forces transmitted to the supports make the tendon
automatically tighten. The tensioning force magnitude and,
therefore, the value of the bending moment generated by its
eccentricity vary depending on the acting loads, rising and
reducing accordingly.The use of the self-tensioning device in
combinationwith an initial prestress enables the construction
of slenderer structural timber floors conceived for public use,
yielding in all studied cases, to relative deformations below
1/1000 of the span in service loads conditions.

3. System Performance under
Symmetrical Loads

To show the effectiveness of the abovementioned self-ten-
sioning device, we have analyzed the performance of 𝜋-shape
cross section pieces with the following characteristics:

(i) Span length 𝐿 = 15m.

(ii) 𝜋-shape cross section conformed by two laminated
timber ribs of GL28h strength class [20] and an upper
board of cross laminated timber CLT90S L3S formed
by three 30mm sheets of picea abies C24, with a total
thickness of 90mm [21].

Material properties of glued laminated timber
GL28h:

Bending strength: 𝑓
𝑚,𝑔,𝑘

(28MPa).
Tensile strength in the direction of the
grain: 𝑓

𝑡,0,𝑔,𝑘
(22,3MPa).

Tensile strength perpendicular to the grain:
𝑓
𝑡,90,𝑔,𝑘

(0,5MPa).
Compression strength in the direction of
the grain: 𝑓

𝑐,0,𝑔,𝑘
(28MPa).

Compression strength perpendicular to the
grain: 𝑓

𝑐,90,𝑔,𝑘
(2,5MPa).

Shear strength: 𝑓V,𝑘 (3,5MPa).
Modulus of elasticity parallel to the grain:
𝐸
0,mean (12.600MPa).

Shear modulus: 𝐺mean (650MPa).
Characteristic density: 𝜌

𝑘
(425 kg/m3).

Material properties of cross laminated timber:
Bending strength: 𝑓

𝑚,𝑘
(24MPa).

Tensile strength in the direction of the
grain: 𝑓

𝑡,0,𝑘
(14MPa).

Compression strength in the direction of
the grain: 𝑓

𝑐,0,𝑘
(21MPa).

Shear strength parallel to the grain of the
boards: 𝑓V,𝑘 (2,5MPa).
Modulus of elasticity parallel to the grain of
the boards: 𝐸

0,mean (12.500MPa).
Shear modulus parallel to the grain of the
boards: 𝐺mean (460MPa).
Characteristic density: 𝜌

𝑘
(420 kg/m3).

(iii) Cross section’s dimensions (Figure 1):

𝑏 = 180mm; 𝐵 = 1200mm; 𝐻 = 0,030; 𝐻 =

450mm; ℎ1 = 360mm; ℎ2 = 90mm.

(iv) Two types of sections evaluated:

(S1) Section with no prestress and no initial precam-
ber.

(S2) Prestressed section with a 𝐿/500 precamber and
the self-tensioning system.

(v) Self-tensioning systemusing rodswith an initial angle
of 𝛼
0
= 26,57∘, corresponding to initial dimensions of

𝑥
0
= 100mm and 𝑧

0
= 50mm, and a self-tensioning

tendon with an area of Ω = 900mm2 (Figure 1). For
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the prestressing of the pieces, a steel Y1100H [22] has
been considered with elastic limit 𝑓

𝑝𝑘
= 900N/mm2,

tensile strength 𝑓
𝑝max,𝑘 = 1.100N/mm2, and modulus

of elasticity 𝐸 = 205.000N/mm2.

A total uniformly distributed load of 𝐺
𝑘
= 2.07 kN/m2 has

been adopted. This includes the self-weight of the element
(1.07 kN/m2) and the finishing elements (1.00 kN/m2). To
determine the variable loads, an office use was considered,
given that this is the normal situation in which large-span
structural floors are used. For this type of use, the regulations
assign the value 𝑄

𝑘
= 3 kN/m2 [23], and Ψ

2
= 0.3 is adopted

as a factor for the quasipermanent value of variable loads. In
the analysis, the following load hypotheses are considered:

(H0) No load, initial position.
(H1) Permanent load, 𝐺

𝑘
= 2.07 kN/m2.

(H2) Quasipermanent load, 𝐺
𝑘
+ Ψ
2
⋅ 𝑄
𝑘
= 2.97 kN/m2.

(H3) Total load, 𝐺
𝑘
+ 𝑄
𝑘
= 5.07 kN/m2.

For the analysis of the system, it is necessary to take into
account that the applied tensioning force depends on the
geometry of the multiplier device. As the acting load
increases, a significant variation of its geometry is produced,
giving rise to a nonlinear behaviour whose importance
increases inasmuch as the load value increases.This nonlinear
behaviour is positive for the tensioning effects because the
increasing of the deflection of the device leads to an increas-
ing of its multiplier effect (X) and, consequently, of the force
applied on the ends of the beam. To take into account the
geometric nonlinearity of the described system, the analysis
used an incremental load process in which, at each stage, the
multiplier effect corresponding to its state of deformation is
taken into account.

Self-tensioning force at instant 𝑖 is

𝑁
𝑖
= X
𝑖
𝐹
𝑖
=

𝑥
𝑖

𝑧
𝑖

𝑞
𝑖
𝐿. (1)

New multiplier is as follows:

X
𝑖+1

= 2

𝑥
𝑖
+ 𝛿
𝑖

𝑧
𝑖
− √𝑧
2

𝑖
− 2𝑥
𝑖
𝛿
𝑖
− 𝛿
2

𝑖

. (2)

In determining the multiplier effect, the consideration of the
elastic shortening of the rods has been bypassed, of worthless
magnitude in comparison with the lengthening experienced
by the tendon.Therefore, the elastic shortening of thewooden
piece has not been considered because its magnitude is
very reduced due to its high axial stiffness and, besides,
its effect would be favorable by increasing the deflection of
the multiplier device and, consequently, the self-tensioning
force. Finally, in the contact between the connecting rods, the
consideration of friction has been omitted. We have analyzed
the behaviour of themechanism by FEMmodel with software
that allows defining different friction coefficients for each part
(frictional contact and contact stiffness). The experimental
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Figure 2: Bending deformations of 𝜋 section pieces with no pres-
tressing (S1) and pieces with prestressing and a self-tensioning
system (S2). 𝐿 = 15m; 𝐵 = 600mm; 𝑏 = 180mm; 𝐻 = 450mm;
ℎ
1
= 360mm; ℎ

2
= 90mm; 𝛼

0
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∘.

phase will determine the appropriate parameters. In any case,
the initial results show that the geometry arranged in the
mechanism reduces the possibility of prestressing force loss.

The calculation of the creep deformations of the quasiper-
manent fraction was determined using a factor of 𝑘def =

0.6 corresponding to service class 1, in accordance with the
following expression [24]:

𝜔fin = 𝜔inst + 𝜔creep = 𝜔inst (1 + 𝑘defΨ2) . (3)

When performing the deformations calculations, it is impor-
tant to take into account a small descent at the supports of
the structural element when the mechanic device starts to
bear external loads (Figure 1). The value of this displacement
depends on the geometry of the multiplying device and on
the rigidities of the structural elements. The deflection (𝜔) is
the difference between the displacement at themidspan of the
element (𝑢) and the seat at the supports (𝑠).

In Figure 2, deformations corresponding to 𝜋-shape cross
section pieceswith no prestress (S1) and pieceswith prestress-
ing and self-tensioning system (S2) are shown. The instant
deformations corresponding to the (H2) load hypothesis
(quasipermanent loads) reach the value of 40.24mm in pieces
without prestressing. This value reduces to 6.06mm when
the piece is prestressed and has a self-tensioning device. In
terms of relative deflection, the supports of the tensioned
piece experiment a seat of 9.97mm in the (H2) hypothesis,
causing a relative deflection of 9.97 − 6.06 = 3.91mm. This
relative deflection of 3.91mm represents a distortion of
𝐿/3836 versus the value of 𝐿/373 corresponding to the piece
with no prestressing.

If we consider the creep deformations for this (H2) load
hypothesis, the deflection of the structural floor without
prestressing is 64.38mm (Figure 2).Thismeans that the creep
deformations increase the value of the deflection by 64.38 −
40.24 = 24.14mm. By contrast, for pieces with the tensioning
system, taking into account that creep deformations mean
less of a decrease in the (H2) hypothesis, the value goes from
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Figure 3: Drawing of lock position at the support (beam above) and tendon anchored in the central section (beam below).

6.60mm to 3.71mm. This is due to the positive effect of the
pretensioning, since its permanent load means that the pre-
camber produced at the moment of tensioning increases over
time. Studying the situation in terms of relative deflection,
while the distortion of the tensioned piece is 𝐿/2396, for
the piece with no prestressing, this value increases to 𝐿/233,
which represents a distortion 10 times greater.

Comparing the performances of both piece types, in the
case of the (H3) hypothesis corresponding to the total load,
similar results are obtained. For the tensioned piece, the
relative deflection reaches a value of 𝐿/1775 which increases
to 𝐿/160when the piece does not have the tensioning system.

The results demonstrate the high efficiency of the system
in regard to deformations, as it means that slenderer long-
span pieces can be installed, maintaining very low distortion
levels under service loads conditions.

However, the efficiency improvement of the system is
achieved not only in deformation but in terms of resistance as
well. The maximum breaking strain characteristic value of a
nonstressed 15m spanning piece is reached for a surface load
of 13.10 kN/m2. On the other hand, in the solution with ten-
sioning, the theoretical damage caused by flexocompression
is produced under a load of 18.40 kN/m2. This represents an
increase of 40.46% of its resistant capacity.

4. Performance of the System under
Asymmetrical Loads

The objective of the connecting-rod-based self-tensioning
device is to balance the loads transmitted to the supports
with the tension in the tendon caused by the deformation
of the connecting rods. This system is effective since the
applied load is symmetrical and, therefore, equal magnitude
is transmitted to both supports. Evidently, this situation is
one that, as a general criterion, corresponds to the perma-
nent action of gravity loads. However, variable actions will
generate asymmetrical load situations that transmit forces
of differing magnitude to the supports. In such conditions,
the self-tensioning system is not capable of balancing the
situation unless the device has an additional locking piece
that balances the difference in the horizontal forces produced
by the work of the rods, as shown in the support of the

beam above in Figure 3. While this solution is very simple,
its functioning is inadequate. As a matter of fact, in a piece
that is in a state of equilibrium with the tendon subjected
to tension due to the action of a symmetrical load system,
any asymmetry in the actions on the piece would make the
support device less effective in reaching the locking position
to balance the increase in tension on the tendon produced
in the opposite support. This would lead to an upward
movement of the support to the point of reaching its locking
position. Indeed, this clearly makes it so that, with loads of
varying magnitude and position, which represents the actual
state of the pieces, the self-tensioning devices would be in a
state of permanent movement, seeking the locking positions
in order to balance the ensemble, thus losing a certain degree
of effectiveness.

Besides the locking device, there is a highly efficient
alternative solution that completely solves the problem of
asymmetrical loads. This involves anchoring the tensioning
tendon in the central part of the structural floor, as shown in
the span’s midpoint of beam below in Figure 3. This solution
brings two interesting advantages:

(i) It is very easy to implement since the anchor can be
fixed by injecting epoxy adhesive or adhesive with a
polyurethane base in a short length, because the force
to be anchored is of a very low magnitude, as will be
demonstrated further.Thismeans that, in all analyzed
cases, and according to the studies we carried out on
anchors with adhesive, an adhered length of no more
than 150mm would be more than sufficient [25].

(ii) It allows for tensioning force of different magnitude
in the two halves of the piece. In this way, the tension
is greater in the area where the variable load will
be applied. In an asymmetrical load situation, the
reaction is greater in the support located nearer to
the load action area. A greater reaction results in a
higher tension force and, consequently, in a negative
moment of greater magnitude. Therefore, supports
with the biggest reaction experience the greatest effect
of self-tensioning. This situation in which the action
of the self-tensioning is more intense in the load
area is further enhanced by the nonlinear effect of
the rod system. In a situation with these types of
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Figure 4: Analyzed load hypotheses.

asymmetrical loads, the sole purpose of the adhered
central anchor is to balance the different tension
produced in the tendon caused by the different load
transmitted to the structural floor supports.

In order to check the self-tensioning system performance
under asymmetrical loads, structural floors of lengths 12m
and 15m were analyzed in two sections: (S1) section with-
out prestressing or initial precamber and (S2) section with
prestressing to a precamber of 𝐿/500, with a self-tensioning
system. For this analysis, it has been considered that the
self-tension is achieved through the connecting rods with an
initial angle of 𝛼

0
= 26.57

∘.
To determine the imposed loads, two issuesmust be taken

into account: firstly, this type of large-span structural floor
is generally associated with public-use buildings; secondly,
the main purpose of the analysis is to check the performance
of the structural floor under the action of the asymmetrical
loads. For now, two representative situations are considered:

(i) Administrative use and public use with furnishings:
𝑄
𝑘
= 3 kN/m2. Quasipermanent value of variable

loads. Ψ
2
= 0.3.

(ii) Commercial areas and public use with no constraints:
𝑄
𝑘
= 5 kN/m2. In this case, regulations establish a

coefficient for the quasipermanent section of Ψ
2
=

0.6. However, for the purpose of a comparative study
and with the goal of checking the functioning of

the structural floor subjected to the action of high-
magnitude asymmetrical loads, we have considered
that Ψ

2
= 0. This allows us to analyze the undesirable

situation of asymmetrical load which results from
considering the entire use load value as variable in its
position in the piece.

In Table 1, the geometric characteristics and the load values
of the structural floors studied are summarized.

For the comparative study of the system performance, the
following load action hypotheses were considered (Figure 4):

(A) A quasipermanent hypothesis (𝐺
𝑘
+ Ψ
2
𝑄
𝑘
). For the

variable load of 3 kN/m2, the value of 0.90 kN/m2 cor-
responding to the quasipermanent fraction was con-
sidered, while for the variable load of 5 kN/m2, the
quasipermanent section was not considered, for the
previously described reasons.

(B) B1 to B7. These correspond to the quasipermanent
hypothesis (A) plus the variable load with a uniform
value of 𝑄

𝑘
(1 − Ψ

2
) applied to a length of 𝐿/4 that is

displaced along the piece, with a distance of 𝐿/8.
(C) C1 to C3. These correspond to the quasipermanent

load (A) plus the variable loadwith a uniform value of
𝑄
𝑘
(1 − Ψ

2
) applied to a length of 𝐿/2 that is displaced

along the piece, with a distance of 𝐿/4.
(D) Total load situation (𝐺

𝑘
+ 𝑄
𝑘
).
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Due to the differences between the reactions of the piece
supports, the tension force in both ends is also different, as is
the displacement of the head of the tendon. The presence of
asymmetrical loads automatically raises the abovementioned
singular situation: the inequality of the reactions at the
supports of the structural element provokes the tensioning
forces in the beam’s ends to be different. Accordingly, the
displacement of the tendon’s head will also be different. This
means that the occurrence of nonlinear geometry of the rod
system is also different in both ends, so that the multiplier
that generates the tension force changes with the load in
different ways for both supports. This effect is reflected in
Figures 5 and 6 which correspond to F1 (𝐿 = 12m and
𝐻 = 360mm) and F4 (𝐿 = 15m and𝐻 = 500mm), respec-
tively. A multiplier device was considered, made up of two
rods anchored by an eccentric tendon (Figure 1) with an
initial angle of 𝛼

0
= 26.57

∘ that corresponds to a multiplier
of 4.0 force value. Evidently, there is an initial stage in which
the multiplier is the same for both supports. This is because
these are symmetrical loads corresponding to the action of
the so-called quasipermanent hypothesis (A), with a value
of 2.82 kN/m2 for F1 and 2.16 kN/m2 for F4 (Table 1). After
this first stage, the increases in load are always of variable
load type, applied in the position that corresponds to the
different hypotheses studied (B1 to B7, C1 to C3, and D).
This means that, except for symmetrical load situations (A,
B4, C2, and D), for each of the remaining hypotheses, two
curves are obtained, corresponding to the multiplier (X) at
each end. For example, for an F4 type piece, of 15m length,
in which a permanent load of 2.16 kN/m2 and a variable
load of 5.0 kN/m2 are applied (7.16 kN/m2 of total load), the
multipliers would be equal in both value extremes 4.30 (A),
4.52 (B4), 4.82 (C2), and 6.33 (D), due to the symmetry of the
loads; in the remaining hypotheses, different multipliers are
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obtained on both ends: 4.74 and 4.35 (B1 and B7); 4.66 and
4.40 (B2 and B6); 4.59 and 4.46 (B3 and B5); 5.28 and 4.52
(C1 and C3).

Furthermore, the difference between the tension forces
of both halves of the piece when subjected to asymmetrical
loads obliges the tendon anchor in the central area to balance
the different stresses on the tendon. It has been previously
noted that the anchor could easily be created using an
adhesive connection given that the forces transmitted had
been reduced. Figures 7 and 8 show the force that would need
to be anchored in F1 and F4, respectively. It is important to
highlight that there is an initial section in the graphs where
the force in the anchorage would be nonexistent.That is when
load on floor is ≤2.82 kN/m2 and ≤2.16 kN/m2 for structural
floor types F1 (Figure 7) and F4 (Figure 8), respectively. This
is so for the quasipermanent load (hypothesis (A)) action
due to the symmetry of its action. From this point, the force
depends on the magnitude of the variable action and on
the hypothesis considered. Note that even in the unfavorable
situation corresponding to F4 and (C1) and (C3) hypotheses,
the load that we need to anchor would be 71.02 kN, a
value that is reached with an epoxy adhesive connection of
approximately 150mm [25].

To illustrate the performance of the self-tensioning sys-
tem, the deformations of the pieces have been graphed for the
different load hypotheses mentioned above. As has already
been indicated, the action of the asymmetrical loads gener-
ates differing tension forces in both ends and, simultaneously,
seats in the supports of differing magnitude. In Figure 9, the
deformations of the F1 structural floor type corresponding
to hypotheses (B1) to (B4) are shown (to make it easier to
visualize, the representations of hypotheses (B5) to (B7) have
been omitted, given that the results would be symmetrical).
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The (A) and (D) hypotheses are also represented which cor-
respond to the quasipermanent situation and total load,
respectively. The (B1) hypothesis leads to a greater difference
among themultiplier values at the extremes (4.60 and 4.43, as
shown in Figure 5), resulting in different seats at the supports.
Based on the quasipermanent situation (A), in which the
seat of the supports is 7.93mm, the variable asymmetrical
action (B1) gives rise to a seat of 10.99 − 7.93 = 3.06mm
in one support and 8.35 − 7.93 = 0.42mm in the opposite
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support. Considering that the maximum decrease produced
in the span is 7.85mm, the distortion produced in the piece
is only 𝐿/6593. In the (B2), (B3), and (B4) hypotheses,
the relative deflections are 𝐿/11009, 𝐿/3889, and 𝐿/3158,
respectively. Even in the hypothesis of total load (D), the
displacement difference between the center and the supports
is only 10.21mm, even though the piece is 12m long, leading
to a distortion of 𝐿/1175. As can be clearly seen in Figure 9,
in hypothesis (B1), the piece retains a precamber in relation
to the straight line that connects the supports. In the case
of (B2), the distortion is practically nonexistent and then
progressively increases as the load shifts towards themidspan.

In Figure 10, the performance of the piece without pres-
tressing (S1) is compared with the piece with prestressing and
self-tensioning system (S2). The deformations from hypoth-
eses (A), (B1) to (B7), and (D) are graphed. The “zones”
are shaded where the deformations corresponding to the
hypotheses are located, with the variable load moving along
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the piece; this way, we can visualize the extraordinary differ-
ence between the performances that both section types, (S1)
and (S2), present.

In Figure 11, the deformations corresponding to the same
analyzed piece (F1 type structural floor) are displayed for
hypotheses (A), (C1), (C2), and (D). Hypothesis (C1), with
one-half of the beam fully loaded, leads to a greater difference
between the support multipliers (4.76 and 4.51, as seen in
Figure 5). The variable action leads to an increase of the seat
of 5.72mm in one support and 1.76mm at the opposite end,
with a distortion of the entire piece of 𝐿/2985. For hypothesis
(C2), the relative deflection reaches a value of 𝐿/1350.

Figure 12 shows the clear differences in performance
between the pieces without prestressing (S1) and the pieces
with prestressing and self-tensioning system (S2). Again, the
shaded areas allow seeing the great effectiveness of the self-
tensioning system in terms of relative deflection.

The results obtained in the F3 structural floor type are
similar to those corresponding to F1, since the variable load
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increase (from 3 kN/m2 to 5 kN/m2) is compensated by the
increase in rigidity from increasing the height (from 360mm
to 400mm). In the case of hypotheses (B1), (B2), (B3),
and (B4), the F3 structural floor presents distortions of the
following values, respectively, 𝐿/1111, 𝐿/1757, 𝐿/3659, and
𝐿/5854. For the same hypotheses, if they were applied to the
F1 structural floor, it would result in the following distortion
values: 𝐿/6593, 𝐿/11009, 𝐿/3889, and 𝐿/3158. In the case of
the F3 structural floor, the distortion is lower in the (B3) and
(B4) hypotheses than in those of (B1) and (B2), contrary to
what happens with the F1 structural floor. This is a direct
consequence of the fact that the variable load of 5 kN/m2
in (B1) and (B2) hypotheses is located very close to the
supports, generating little positive bending.Nevertheless, this
also generates an important autotensioning moment, so the
pieces of these hypotheses get a precamber. In the F1 type,
this effect has a lower incidence, as the variable load has lower
magnitude. On the other hand, in the case of the F3 structural
floor, the (C1) and (C2) hypotheses give rise to distortion
values of𝐿/5811 and𝐿/1799, against the values of𝐿/2985 and
𝐿/1350 corresponding to F1.

We can also analyze the significant difference in the
level of structural performance, under the point of view of
stresses, between the tensioned solution (S2) and the non-
tensioned solution (S1). In Figures 13 and 14, bending
moments have been graphed for the pieces of 15m span
length and the different load hypotheses. Comparing the
results corresponding to the pieces without prestressing with
those obtained from tensioned sections, it can be seen that the
tensioning produces an efficient redistribution of the stresses.
The solution involving the adherence of the tendon to the
central part of the piece does not only solve the force bal-
ancing resulting from the action of the rod system. Besides
this, it adequately redistributes the bending stresses in
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accordance with the acting forces. This occurs because
the asymmetrical tensioning generates a greater negative
moment in the part of the beam where the load is acting.
The moment graphs corresponding to asymmetrical load
hypothesis are represented supposing a point load in the
central anchorage area. Accordingly, the load distribution
in the anchoring will occur with a nonuniform distribution
of the tensions throughout all the glued area. This will
modify the moments graph in the anchoring area. We have
selected this representation type because it does not affect
the comparative analysis of sections (S1) and (S2). Besides
this, the precise knowledge of the tension redistribution at the
anchoring requires an experimental check that has not been
carried out yet.

Results show that it is possible to easily modify the
bending moments and consequently the piece deformation
diagrams by varying the tension force and the geometry of
the multiplier. Thus, the solution can be optimized.

5. Conclusions

The use of prestressing and a self-tensioning system with a
multiplier mechanism, automatically activated when load is
applied to the structural element, comprises a very effective
solution for 𝜋-shape cross section timber structural floors.

A study was carried out comparing pieces for 𝜋-type
sections with no prestress and sections with an initial pres-
tress and a self-tensioning system, spanning 12m and 15m,
height values of 𝐿/33 and 𝐿/30, and for variable use loads
of 3 kN/m2 and 5 kN/m2, respectively. The results show
effective redistribution of bending stress and a reduction in
deformations, which means the possibility of constructing
slenderer timber structural floors with relative deformations
below 𝐿/1000 when in service.

The problems posed by the action of asymmetrical loads
are effectively solved by adhering the anchor in the central
part of the piece. Using this solution, tensioning strength is
achieved where the magnitude is greater in precisely the area
of the active load, which increases the efficiency of the system.
Through the studied cases, it has been proved that the tendon
can be anchored with an adhesive connection area no larger
than 150mm in length.
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