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Abstract: This study presents the experimental results of
double shear tests obtained on timber–concrete connec-
tion systems. We evaluated the influence of factors such
as the shape and diameter of the connector, grade of steel,
and wood species on the mechanical shear performance of
timber–concrete systems. The mechanical properties, such
as the elastic shear strength, slip modulus, and failure
mode of the tested specimens, are obtained from the load–
slip curves of the push-out tests. The connectors tested are
made from high-bond (HB) steels. The diameters used for
the connectors are 10 and 12 mm and are of two shapes,
straight and 90° head curved; steel grades are S400 and
S500. The performance of the connectors has been tested
on three species of wood, namely Iroko, Dabema, and
Ayous. These solutions are chosen because they are simple
to apply in a timber–concrete structure using materials
available in the local market. We summarize the results
of this work as follows: the systems of connection studies
have the ability to respond to shear stresses; the failure
mode of the connectors is ductile; and the timber species

has an influence on the mechanical shear behaviour of the
connectors.

Keywords: timber, concrete structures, tropical leafy wood,
rod connector, high bond steel connector, sliding modulus,
elastic shear strength

1 Introduction

Constructions with timber–concrete structures are prac-
tical solution for new constructions and renovation of
structures. Apart from the fact that it is considered a
low-energy transformation resource, wood is an ecological
and recyclable material. Its wide availability on Earth and
its intrinsic physical properties make wood a competitive
material for many applications in construction [1]. Tim-
ber–concrete technology constitutes a relevant alternative
for using wood in construction, making it possible to save
aggregate resources and optimize the mechanical proper-
ties of wooden structures [2]. Modern timber–concrete
structures are inspired by the technology of mixed steel–
concrete structures and are based on the background of
timber–timber joints. It is since the SecondWorld War that
we have actually been discussing the construction with
timber–concrete structures following a lack of steel; the
idea of combining concrete with wood undoubtedly came
from rehabilitation work requiring the preservation of his-
toric existing structures [3,4]. The development of connection
systems constitutes the key to the development of timber–
concrete constructions (TCC). For example, the elements of
timber concrete floors for buildings are composed of timber
and a concrete slab, which allows each material to work in its
field of preference which is tensile for timber, compression
for concrete, and the connectors act in shear [5,6]. However,
the effectiveness of mixed operation depends largely on the
mechanical connection between the two materials; it is
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important to find an effective connection between the two
materials in order to transfer forces without there being
excessive deformation [7]. Different connection techniques
between timber and concrete exist, but they constitute con-
struction without normative rules. Their use requires specific
studies in order to justify and validate their mechanical beha-
viour. The fundamental point of the design of a TCC is to
ensure the reliability of the connectors in shear [8]. Therefore,
from the viewpoint of mechanical performance, the ideal
connection system must be strong enough to transmit the
shear forces developed at the timber–concrete interface, suf-
ficiently rigid to transmit the stress with limited slip to the
timber–concrete interface, sufficiently ductile to allow full
load distribution and avoid brittle failure of mechanism [9].
This means apart from the mechanical properties of concrete
and timber, the structural response of such a composite
system is heavily dependent on the shear strength, stiffness,
and ductility performances of the used connection system.
The elastic shear strength of the connection system is propor-
tional to the maximum shear load transferred at the interface
layer, while the stiffness is characterized by the slip modulus
derived usually from the load–slip curve of experimental
push-out tests. For a TCC floor, a high stiffness allows a reduc-
tion of the TCC thickness and controls the midspan deflection
of the TCC floor due to an increase in bending stiffness of the
TCC floor [10]. Some ductility is desirable since both timber
and concrete behave relatively brittle in tension and com-
pression, respectively, and the connection system is the
only source of ductility for the TCC system [11]. The popular-
ization of timber concrete constructions depends on the
establishment of a specific standard for the verification of
TCC. Several research projects related to the development
of connection systems for TCC for the renovation and con-
struction of buildings and bridges have been carried out over
the last decade throughout the world.

The creep behaviour of mixed systems would be much
more complex than for single-material concrete or wood
structures. Connections with sufficient rigidity limit slip at
the timber–concrete interface and help increase the mixed
action [12]. Connectors can be classified into five families:
rods connectors (studs, screws, nails, lag screws, bolts, etc.),
continuous connectors, notches connectors, glues connec-
tions, and others (the combination of mentioned connec-
tors) [13]. Ceccoti [7] classified the most commonly used
shear connector into four categories according to their
rigidity, ranging from the least rigid connections (pins,
screws, dowels, high bond steel bars, etc.) to the most rigid
connections (metal plates or steel mesh glued into wood).
Different types of shear connection systems have been
developed in the past, including steel rods, notches, and
glue, in order to enhance the structural performance and

cost-efficiency of TCC. Although they are generally consid-
ered the least rigid, rod connectors have the advantage of
being inexpensive and easy to install. Gelfi and Giuriani
[14] experimentally studied dowels obtained from ordinary
steel rebars with diameters of 12 and 16mm, inserted with
a hammer into holes drilled in the timber. One of the
objectives of the study was to evaluate the influence of
the anchoring depth of the stud on the mechanical beha-
viour of the connection. They observed that an anchoring
depth of the connector in the timber greater than 4 times
the diameter of the connector did not have a great
improvement in the strength and rigidity of the system.
Dowel-type fasteners and metal continuous connectors
can also be adopted along with the adhesive connection
to withstand the brittle failure and uncertainty of adhesive
behaviour in long-term performance. Piazza and Ballerini
[15] tested glued-in dowel connectors and a continuous
system made of steel sheet. Two types of glued-in dowel
connectors were tested, including the bend dowel fastener,
which was glued to the timber in one end while the other
end was bent at 90° to connect with the concrete panel, and
the concrete stocky connector, in which a straight dowel
was adopted into the round notch connector. The results of
full-scale bending tests on beams demonstrated that the
composite beams exhibited linear responses up to nearly
half the maximum load level, followed by a post-elastic
hardening stage. Compared to the timber beam, using a
glued-in bend dowel and concrete stocky could improve
the bending strength approximately 2–2.5 times, as mea-
sured in the bending test. The long-term behaviour of
timber concrete beams using the steel bars of diameter
18 mm inserted in the drilled holes of the timber beams
and filled with epoxy adhesive was studied by Ceccotti
et al. [16]. After five years of monitoring under constant
load, bending tests were performed until failure. The
results showed that the deflection increased significantly
during the first two years of loading, with a slip observed at
the ends of the beams that continued to progress after the
testing period. A brittle failure in tension was observed in
the timber part without significant plastic deformation in
the connection. This showed that the stiffness of the con-
nection was efficient, allowing the development of the
composite action in the beams. Connectors made by curved
steel bars with diameters of 8, 10, and 12.5 mm inserted into
resinous timber species in the drilled holes of the timber
and yield stress greater than 500MPa were studied by Car-
valho and Carrasco [17] to compare the two configurations
of push-out specimens. The results showed an increase in
shear resistance and stiffness with increasing connector
diameter. A notch connector is an interlocking solution
between concrete and timber, which is fabricated by
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cutting a groove in the top of the timber surface and filling
it with concrete afterward; notches with rectangular and
trapezoidal shapes are the most commonly adopted. To
address the issue of brittle failure with notches connec-
tions, some authors study the reinforcement of additional
fasteners or rod bars in the notch connection in order to
improve the strength, ductility, and post-peak behaviour of
the connection system. Gerber et al. [18] carried out 100
tests on the notch connections with lag screws. Many para-
meters were considered, such as the geometry of the notch,
the direction of the lag screw (straight or inclined), and the
mechanical properties of the concrete. The results showed
that the inclined lag screw increases the strength of the
connection in comparison with the straight one. However,
the influence of the stiffness is less evident. Fragiacom and
Lukaszewska [19] worked on the development of prefabri-
cated timber–concrete floor systems by carrying out an
experimental campaign of shear tests on small floor speci-
mens and dynamic bending tests on full-size specimens;
the results showed that prefabricated mixed timber–con-
crete structures perform satisfactorily under static and
dynamic loads, and the best results were obtained by using
a slotted connection reinforced with a screw, which was
found to be much stiffer than the configuration of a lag
screw only or steel plates nailed to the wood. Djoubissie
et al. [13] have developed timber concrete connections
using materials locally available in Sub-Saharan Africa.
They focused on the mechanical behaviour of connectors
based on high-bond steel (notably 2 families of connectors;
the first consisting solely of threaded high-bond steel rods
with diameters of 10 and 12 mm fixed in the timber by
screwing and the second made of threaded high-bond steel
rods of diameters 10 and 12 mm combined with triangular
and rectangular notches in the timber on the areas around
the connectors). The results showed that it is possible to
achieve good mixed performance by using the connection
with the combination of notch and threaded high-bond
steel rods in timber concrete beams. With the facilitation
of the Computer Numerical Control machine to manufac-
ture the desired shape on the timber, various shapes of the
notched connection, such as rectangle, round, dovetail, and
trapezoid, have been studied. Ouch [20] studied the behaviour
of the dovetail notched connector in cross-laminated timber
(CLT) panel. A series of push-out tests was performed to
determine the strength, stiffness, and ductility of the notched
connector. The results showed that the shape of the notch is
able to limit the separation between the concrete and CLT
panels. Furthermore, the V-shape rebar cage inside the notch
improves the uplift resistance and provides an additional
dowel action to the concrete notch. It avoids the use of
anchored steel screws or fasteners, thus facilitating onsite

erection. Numerical models for predicting the mechanical
behaviour of timber–concrete systems can be developed fol-
lowing the experimental results. The numerical model is
based on the surrogate model, which is adequate for optimi-
zation simulation design with acceptable accuracy and relia-
bility evaluation. The approach by Ma et al. [21] and Yang
et al. [22] in their research work can be applied to the pre-
diction of the mechanical behaviour of timber–concrete
structures. Manufactured and patented connectors specially
developed for timber–concrete systems exist, such as SBB
connectors (these are metal lag screws with varying dia-
meters of 20–25mm for lengths of 150, 170, or 250mm);
Tecnaria connectors (these are connectors with lugs and
studs); and SFS VB connectors (these are long screws that
do not require pre-drilling the timber). The were studied by
many researchers [23–25].

Experimental studies carried out so far by the authors
on timber–concrete connection systems using high bond
steel connectors do not analyse the influence of the 90°
bend of the head of straight connector inserted perpendi-
cularly to the grain of the timber as well as the influence of
the leafy tropical wood species on the shear behaviour of
high bond connectors. Most of the connectors studied
require a high manufacturing time and do not simplify
the construction process on site; therefore, they do not
facilitate quality control. Moreover, manufactured connec-
tors are only available in developed countries and remain
expensive for the others. The present study is part of a
dynamic of promoting the development of TCC using
locally available wood species and connectors whose
implementation does not require any particular skills.
The aim is to obtain a technology of connection that is
available and easy to use in the local context with adequate
mechanical performances and reasonable costs. The local
availability of different resources (timber, connectors, and
concrete), the renewable nature of timber and the con-
nector, and the time and constraints of implementation
compared to most existing connection systems are assets
for the development of local TCC.

An experimental campaign is carried out in the
Laboratory of Mechanics and Materials of the National
Higher Polytechnic School of Douala Cameroon with the
aim of characterizing the mechanical shear performance
of the timber–concrete system based on leafy tropical
wood species and connectors made from HB steel bars
used in the manufacture of reinforced concrete structures.
The connectors are made of two shapes, straight and 90°
head curved; the steel grades used are S400 and S500, and
diameters are 10 and 12 mm. To avoid mechanical action of
the thread, the connector, or the glue as it needs controlled
conditions, sharpening is made at the extremity of the high
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bond connector to be sunk easily in the timber after a
predrilling of timber (Figure 1). The mechanical shear char-
acterization of HB connectors concerns the determination
of elastic shear strength, the slip modulus, and the
failure mode.

The following list of tasks is pursued:
(1) Acquisition and stocking of the different materials to

be used in the experimental campaign. Wood samples
acquired in the local Cameroonian market are
machined and stored for drying on an above-ground
wooden deck with natural ventilation for a period of 11
months (Figure 3), with a view to reaching the norma-
tive moisture content values on wood for tests [26].

(2) Mechanical and physical characterization of different
materials, wood species, steel and concrete to be used
for shaped specimens for shear tests. After the evalua-
tion of the physical characteristics of the various stan-
dardized wood, concrete, and steel samples, compres-
sion tests are carried out for wood and concrete, tensile

tests for steel on a mechanical press, as well as 4-point
bending tests for wood species with an electromecha-
nical press.

(3) Mechanical characterization of the different connec-
tors after their shaping with double shear tests on an
electromechanical press equipped with an acquisition
unit and potentiometric sensors. Specimens for shear
tests are composed of timber and a 5 cm-thick rein-
forced concrete slab (Figure 8).

2 Material characterization

2.1 Wood

As part of this work, the wood species used are two tropical
leafy hardwoods, namely Iroko and Dabema, locally called
Atui, and a leafy softwood Ayous [27]. The wood volumes

Figure 1: Illustration of the HB steel connectors shaped and tested: (a) shapes and dimensions of the connectors; (b) capture of straight HB
connectors; and (c) capture of 90° head curved HB connectors.
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come from three different wood deposits. They are sold in
the form of wood lumber with average gross dimensions of
20 cm × 20 cm × 300 cm (Figure 2). Most of these woods
come from traditionally harvested logs, without trace-
ability of the origin of the trunks cut. The criteria for
choosing species are their availability in the local market
and the fact that their species are not subject to any

particular restrictions. In addition to these two criteria,
these woods have species called “promotional substitution
species” [1].

A visual classification made it possible to classify our
hardwood samples into the first category of structural
timber, wood of good quality, excluding core and sapwood,
and presents few defects. Three samples of each are taken

Figure 2: Cutting diagram of different wood samples.

Timber samples

Hydrometer

Figure 3: Traditional drying of wood samples.
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from each plank after machining and cutting to determine
the physical and mechanical characteristics, as well as
samples for push-out tests.

The drying of the wood was carried out in an environ-
ment with relative humidity between 50 and 95% and at
temperatures between 25 and 37°C (Figure 3). Monitoring
woods moisture content (MC) until stabilization was carried
out on samples showed that Ayous dries more quickly than
Iroko and Dabema (8 months on average for the drying of
Ayous samples, 10 months on average for drying of Iroko
and 11 months on average for drying of Dabema).

Physical and mechanical properties of the wood are
determined following the recommendations of standard
NF EN 408 + A1 [28] (Figures 4 and 5). The samples used
to determine the density ( )ρ

t
are cubes measuring 10 cm ×

10 cm × 10 cm. The densities of the different wood samples
are determined for a moisture content (MC) close to 13%
[26]. The compressive strength parallel to the grain ( )f

c,0
is

determined according to the protocol described in stan-
dard EN408:1995 [29]. The test makes it possible to deter-
mine the unit breaking load measured on specimens mea-
suring 2 cm × 2 cm × 12 cm. These are tests carried out on

Figure 4: Determination of fc,0 and Em,g: (a) preparation of wooden test specimens (b) 4 points bending test on wooden specimens; (c) compression
tests parallel to the grain on an electromechanical press and (d) requirements for the 4 points bending test (Standard EN408:1995 [29]).

Figure 5: Determination of the physical properties of wood species: (a) cubic wood specimens for the determination of the density and (b) weighty for
density and the moisture content evaluation of wood specimens.
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short pieces without buckling and on wood samples
without defects.

The elasticity modulus of wood in bending (Em,g) is
determined following the recommendations of Standard
EN408:1995 [29]. The elasticity modulus is obtained with
standardized wooden specimens without defects mea-
suring 2 cm × 2 cm × 30 cm subjected to 4-point bending
tests (Table 1).

2.2 Steel

The connectors are made from high-bond steels for rein-
forced concrete steel bars commonly used in construction
and available in the local market. As part of this study, two
grades, S400 and S500, were used for the manufacture of
the connectors, and for each grade, two diameters, namely
10 and 12 mm, were selected (Figure 6).

The breakage load (fr) and the elastic limit strength
(fyk) of the high bond steels used for the shaping of the
different connectors were determined experimentally
from tensile tests on specimens with 50 cm length for the
grade S400 and 60 cm length for grade S500 following
the protocol described by the standard EN 10002-1 [30].
The tests were carried out with a press loading speed in the
range of 0.6–7 kN/s for specimens with a diameter of 12mm
and 0.5–6 kN/s for specimens with a diameter of 10mm. The
steel density (ρ

s
) are carried out on the same sample was used

for the direct tensile test (Table 2).

2.3 Concrete

The compressive strength (fck) and the density (ρc) of the
concrete were determined on the cubic samples measuring
10 cm × 10 cm × 10 cm (Figure 7). The strength class, as well

Figure 6: Characterization tests of HB steels for shaping connectors; (a) marking of samples before tensile tests; (b) & (c) steel fracture after tensile
tests on a 1000t mechanical tensile and press data acquisition center; and (d) evaluation of the breakage of the bars after tensile tests.

Table 1: Physical and mechanical properties of wood species tested

Designation ρ
t
(kg/m3) MC (%) (( ))f MPa

c,0
Em,g (( ))MPa

Ayous Main value (CoV) 392.0 (2%) 12.2 (2%) 26.6 (25.2%) 6,998 (12.1%)
Dabema 710.2 (6.2%) 13.4 (4%) 56.8 (15%) 15,019 (15.2%)
Iroko 638.4 (8.1%) 11.6 (3%) 52.1 (17.3%) 12,810 (14.5%)

Table 2: Physical and mechanical properties of connector steel

Designation Steel grade ρ
s
(kg/m3) fr (kN) fyk (MPa)

10mm 12mm

Main value (CoV) S400 7,297
(0.9%)

60.5 (7%) 75.8 (5%) 424.7 (2%)
S500 62.4 (2%) 80.2 (3%) 484.6 (6%)
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as secant elasticity modulus in compression, are deter-
mined from the formulas proposed by the standard CEN
NF EN 12390-13, 2014 (Tables 3 and 4) [31].

The secant elasticity modulus of concrete is calculated
from Eq. (1) [32]:

( )⎜ ⎟= ⎛
⎝

⎞
⎠

- -E
f

22
10

NF EN 1992 1 1 .cm

ck

0.3

(1)

3 Push-out tests

3.1 Confection of push-out test specimens

Specimens for double shear tests are characterized by a
penetration depth (P) of the connectors, such as P ≥ 4d
(where d is the diameter of the connector) [14]. In this
study, we focused on the influence of factors such as the
wood species (Iroko, Dabema, and Ayous), the grade of the
steel connectors (S400 and S500), the diameter of the steel
rod (10 and 12 mm), and the shape of the connectors
(straight, 90° head bent) on the mechanical shear perfor-
mance of connectors (Figure 1). A plywood of 10 mm thick-
ness is used as formwork between the concrete slab and
the timber (Figure 8). A total of 54 push-out specimens
were shaped and tested. The notations adopted are shown
in Table 5.

The connectors are fixed in the timber perpendicularly
to the grain by using a 1 kg mass in pre-drilled holes made
with a drill. The two forms of connectors (straight and 90°
head curved) are studied mainly to evaluate the influence
of the 90° curvature of the head of the straight connector

Figure 7: Physical and mechanical characterization of concrete; (a) weighty of cubic specimens on a precision scale; (b) reading the dimensions of the
test specimens with digital caliper; and (c) compression test on cubic specimens.

Table 3: Composition of the concrete used in the tests

Sand 0/
5 (kg)

Cement
(kg)

Gravel 5/
15 (kg)

Water (l) Cement
class

432 400 1,140 186 CEM II 42.5 R

Table 4: Experimental results of concrete characterization

Designation ρ
c
(kg/m3) fck (MPa) Ecm (GPa)

Main value (CoV) 2,321 (7.3%) 23.05 (17%) 28.26
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on its mechanical behaviour in shear. The diameter of the
pre-drilled hole is 1 mm less than the diameter of the con-
nector to be inserted following a prescription from
Eurocode 5 (CEN, 2004) [29].

After pouring the concrete, the specimens were kept in
an environment where the temperature and relative
humidity vary slightly, i.e. HR = [ ]60%; 75% and T =

[ ]22°C; 26°C for 28 days.

3.2 Mechanical characterization of
connectors

In this work, the shear test protocol and the general prin-
ciples for characterizing the performances of connectors
are carried out according to Standard EN26891 [33].
Recently, the technical specification CEN/TS 19103 [34] has
allowed to adoption of the loading procedure given by EN
26891 [33] in order to perform push-out tests for concrete–
timber connections. Not having equipment allowing
cyclical tests, all our symmetrical push-out tests are carried
out at a constant speed of 3 kN/min on an electromecha-
nical press equipped with a data acquisition unit. To
monitor the relative slip between the timber and concrete
during the shear test, two potentiometric sensors with
a maximum shift of 25 mm are set symmetrically on the
test pieces (Figure 9). The different test durations were
between 10 and 15 min. All push-out tests are carried out
after 28 days of concrete maturity (Figure 10).

The experimental characterization of the connector by
symmetrical push-out tests concerns the theoretical eva-
luation of its in-service and ultimate sliding modulus (Ks

and Ku) as well as its elastic shear strength and the failure
mode following the protocol described in standard

EN26891 [33]. The sliding modulus is calculated from the
use of the load–slip curves obtained from the double shear
tests. The shear test can be stopped when the ultimate load
is reached or for a slip value of 15 mm. The load reached
before or at the slip of 15 mm is considered to be Fmax. At
each test, the use of the load–slip curves makes it possible
to determine the following:
– The maximum load reached Fmax during the shear test,

as well as the corresponding average slip obtained using
the potentiometric sensors

– 0.1Fmax and V01 correspond, respectively, to 10%Fmax and
the initial slip at 10% of the maximum load Fmax

– 0.4Fmax and V04 correspond, respectively, to 40% of the
maximum load Fmax and the initial slip at 40% of the
maximum load Fmax

– The modified slip and the subsidence of the assembly
are calculated, respectively, by the following equations:

( ) ( ) ( )= × −V V V4/3 mm ,i,mod 04 01 (2)

( ) ( )= −V V V mm .S i i,mod (3)

– The in-service and ultimate sliding modulus are calcu-
lated, respectively, by

( )=K F V0.4 / KN/mm .is max ,mod (4)

( ) ( )=K K2/3 KN/mm .u s (5)

The experimental determination of the elastic shear
strength of the connector, which we denote Re (in kN), is
carried out using the European Committee for
Standardization Method cited and used in 2008 by Muñoz
et al., in their work [35]. The elastic shear strength is
defined as the intersection between the initial slip slope
and a tangent to the experimental load–slip curve. The
initial slip slope is defined as the slope between the value

Figure 8: Principle of the specimen for the double shear test.
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at 10 and 40% of the ultimate load. This slope forms an
angle α relative to the horizontal. The tangent point is
defined as the point on the experimental curve where
the angle β of the tangent slope Kβ corresponds to one-sixth
of the angle α, as presented in Figure 11. The elastic shear

Table 5: Codification of specimens for shear tests

Codification Description Draft

HB10F4D High bond (HB)
steel connector
with a straight
shape and a
diameter of
10 mm; steel
grade is S400
(the timber pre-
drilling diameter
for inserting
connector
is 8 mm)

HB10F4 HB steel
connector with
90° head bent
with a diameter
of 10 mm; steel
grade is S400
(the timber pre-
drilling diameter
for inserting a
connector
is 8 mm)

HB10F5 HB steel
connector with
90° head bent
with a diameter
of 10 mm; steel
grade is S500
(the timber pre-
drilling diameter
for inserting a
connector
is 8 mm)

HB12F4 HB steel
connector with
90° head bent
with a diameter
of 12 mm; steel
grade is S400
(the timber pre-

Table 5: Continued

Codification Description Draft

drilling diameter
for inserting a
connector
is 10 mm)

HB12F4D HB steel
connector with a
straight shape
and a diameter
of 12 mm; steel
grade is S400
(the timber pre-
drilling diameter
for inserting a
connector
is 10 mm)

HB12F5 HB steel
connector with
90° head bent
and a diameter
of 12 mm; steel
grade is S500
(the timber pre-
drilling diameter
for inserting a
connector
is 10 mm)
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strength is the point corresponding to the intersection
between the two slopes.

Concerning the failure mode of the connection for the
push-out specimens, two natures can be observed: ductile
or brittle. To quantify the failure mode, a ductility para-
meter ∇ is proposed and defined as the ratio of the differ-
ence between the maximum load Fmax and the load at
15 mm of the slip divided by the maximum load Fmax.
The failure mode is considered ductile when the parameter
∇ is lower than 20%. This means the connection can reach a
slip of 15 mm with a decrease of maximum load Fmax lower
than 20%. All the other failure modes are considered brittle
or quasi-brittle. This definition of the ductility is based on
the fact that the standard EN 26891 [33] recommends stop-
ping the push-out tests on the connections when a slip of
15 mm is reached and also on the fact that the slip on the
timber–concrete composite beams used is less than 15 mm.
A decrease of maximum load Fmax higher than 20% is con-
sidered as brittle if it arises with a slip lower than 15 mm,

as it can create a brittle failure in the timber–concrete
structure [36].

4 Results and discussion

The load–slip curves from the different tests are grouped
by the type of connector tested (straight and 90° head
curved) in Figure 12. Most of the tests were conducted
beyond 15 mm of slip, except those for which the failure
occurred before.

The load–slip curves obtained for the different combi-
nations present two phases (the pseudo-elastic phase and a
plastic phase).

Eqs. (2)–(5) are used to determine the shear para-
meters of the connectors. The slip value for each curve
represents the mean value of the two potentiometric sen-
sors. The average values of the mechanical characteristics

Posi�ons of 
poten�ometric sensor

Lateral 
Support

Timber-
concrete 
Specimen 

Steel Plate of the 
electromechanica
l Press 

Figure 9: Testing setup and measurement system (push-out test).
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of the tested connectors are presented in Table 6. They are
the load values considering the maximum load (Fmax)
reached before or at a slip of 15 mm; values of slips Vi,
Vi,mod, and Vs; the elastic strength for one connector Re

for all tested; the initial stiffness, the stiffness at the SLS
(serviceability limit state) and the ULS (ultimate limit state)
(Ki, Ks, Ku). The coefficients of variation of the parameters
are also given in Table 7 to give an idea about the varia-
bility. All the connections tested show a coefficient of var-
iation of the maximum load and slip modulus, respectively,
around 7 and 5%; it is considered acceptable for the timber
structure tests [18]. However, the majority of the available
studies on the timber–concrete connections explain the
variations of the test results by various parameters such
as the method of preparation, the variability of the mate-
rials, and the nature of the connections [37].

4.1 Influence of the wood species on the
mechanical behavior of connectors

The shear mechanical behaviour of various connectors
showed an obvious nonlinear performance for all series.
The load–slip curves of all connections, irrespective of the

Figure 10: Specimens preparation for double push out tests: (a) marking and pre-drilling of timbers; (b) insertion of connectors in timbers;
(c) formwork and concreting of specimens; (d) preparation of the specimens for Push Out tests, installation of potentiometric sensors; and
(e) installation of specimens for push out tests on the electromechanical press.

Figure 11: Diagram for determination of elastic shear strength of the
connector; use of the CEN method for determination of Re (Muñoz
et al [35]).

12  Ndjoya Rostand Mario et al.



0

5

10

15

20

25

30

35

0 5 10 15 20 25

Sh
ea

r F
or

ce
s (

KN
)

Rela�ve Slip (mm)

HB10F4 HB10F4D

0

5

10

15

20

25

30

35

0 5 10 15 20 25

Sh
ea

r F
or

ce
s (

KN
)

Rela�ve Slip (mm)

AYOUS
DABEMA
IROKO

(a) AYOUS
DABEMA
IROKO

(b)

0

5

10

15

20

25

30

35

0 5 10 15 20 25

Sh
ea

r F
or

ce
s (

KN
)

Rela�ve Slip (mm)

HB12F4

(c)

0

5

10

15

20

25

30

35

0 5 10 15 20 25

Sh
ea

r F
or

ce
s (

KN
)

Rela�ve Slip (mm)

HB12F4D

(d)

0

5

10

15

20

25

30

35

0 5 10 15 20 25

Sh
ea

r F
or

ce
s (

KN
)

Rela�ve Slip (mm)

HB10F5

0

5

10

15

20

25

30

35

0 5 10 15 20 25

Sh
ea

r F
or

ce
s (

KN
)

Rela�ve Slip (mm)

HB12F5

(e) (f)

AYOUS
DABEMA
IROKO

AYOUS
DABEMA
IROKO

AYOUS
DABEMA
IROKO

AYOUS
DABEMA
IROKO

Figure 12: Load – Slip curves from double shear tests.
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wood species, clearly show two phases (Figure 12): one
phase of the load increases in a pseudo-elastic way with
a slip of less than 5mm, and the second phase of the load
increases slowly to reach an asymptote before failure of
the connection system with an average slip of 14 mm; this
phase can be associated to the plastic deformation of the
HB connector.

Broadly speaking, all the connectors tested show better
mechanical performance in terms of elastic shear strength
and slip modulus in Dabema wood species than in Ayous
and Iroko species (Figure 13); it was observed that with
Ayous, the mechanical performances in terms of slipmodulus
in service and elastic shear strength are less high compared to
those obtained with Iroko and Dabema species. The density of
each species tends to justify this gap. For the Dabema wood
species, its density is better than that of Iroko and Ayous
species, with a difference of 10 and 45%, respectively; for
the Iroko wood species, its density is higher than that of Ayous
wood species, with a relative gap of 38%. The elastic strength
of the connectors in the Dabema wood species is higher com-
pared to those in the Iroko and Ayous wood species, with
respective differences of 4 and 24%. The shear modulus of
connectors in Dabema wood species is higher than 2% com-
pared to that in Iroko and 15% compared to that in Ayous. The
elastic shear strength and the slip modulus of the connectors
in the Iroko wood species are higher than in the Ayous wood
species, with respective differences of 23 and 14%.

4.2 Influence of the connector type (shape,
diameter, and steel grade of the
connector)

The load–slip curves of the HB10F5 and HB12F5 connectors
(Figure 12(e) and (f)) show an increase in the maximum
load for the three wood species when the connector dia-
meter increases from 10 to 12 mm; the average maximum
load for connectors in the Ayous wood species shows an
increase of 5.2 kN, this increase in the Dabema species is 7.3
and 8.4 kN in the Iroko species. It is noted that the increase
is not constant but remains between 5 and 10 kN for the
three wood species; this could be partly explained by the
intra-specific (inter-individual) variability character that
wood has.

Overall, straight connectors HB10F4D and HB12F4D
(Figure 12(c) and (d)) tend to have better shear mechanical
performance in terms of elastic shear strength compared
to 90° head curved connectors (HB10F4, HB10F5, HB12F4,
andHB12F5); the relative difference of the elastic shear
strength Re between straight connectors compared to 90°
head curved connectors are, respectively, 2.9, 5.9, and 5.4%
in Ayous, Dabema, and Iroko wood species. The sliding
modulus is a little higher for 90° head curved connectors
compared to that obtained with straight connectors; the
relative difference of the sliding modulus Ks between 90°
head curved connectors compared to straight connectors

IROKO  DABEMA  AYOUS

HB10F4 2.77 2.84 2.32

HB10F4D 2.84 3.03 2.36

HB10F5 3.40 3.21 2.54

HB12F4 4.10 4.04 2.93

HB12F4D 3.91 4.00 3.04

HB12F5 4.07 4.18 3.10

0
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6
Ks (KN/mm) INFLUENCE OF TIMBER SPECIES

IROKO  DABEMA  AYOUS

HB10F4 4958.25 4880.35 3745.96

HB10F4D 5059.94 5285.90 3799.30

HB10F5 5398.53 5250.61 3883.95

HB12F4 5729.70 6153.42 4699.10
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Figure 13: Influence of the timber species on the mechanical behavior of the connectors: (a) influence of timber species on Ks and (b) influence of
timber species on Re.
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are, respectively, 8.2, 2.7, and 1.4% in Ayous, Dabema, and
Iroko wood species. However, we note that these differ-
ences between the values of Ks and Re of the straight con-
nectors and 90° head curved connectors are not significant
enough.

For the two shapes of connectors tested (straight and
90° head curved), the steel grade has an influence on the
sliding modulus Ks and the elastic shear strength Re of the
connectors. An overall increase of approximately 5.5% of
sliding modulus Ks and 11.2% for elastic shear strength Re
was observed for connectors of resistance class S500 com-
pared to connectors of grade S400.

Irrespective of the shape of the connector and its steel
grade, the diameter of the connector has an influence on its
mechanical performance in shear in terms of sliding mod-
ulus and elastic strength in shear. An almost constant
increase was observed for the values of Ks and Re in the
three wood species for the connectors of diameter 12 mm
compared to those of diameter 10 mm. The relative gap
between Ks and Re for the connectors of diameter 12 mm
compared to the connectors of diameter 10 mm in the
wood species Dabema are, respectively, 24.7 and 20.0%;
in the Iroko wood species, these differences are, respec-
tively, 25.4 and 20.7%; in the Ayous wood species, the dif-
ferences are, respectively, 24.0 and 20.6%.

4.3 Failure mode

The failure mode of all connectors tested is ductile (Table 7);
the main parameter of ductility ∇ is equal to 8.4, 3.0, 9.2, 7.0,
4.5, 2.0%, respectively, for the HB10F4, HB10F4D, HB12F4,
HB12F4D, HB10F5, and HB12F5 connectors.

The failure connection system is followed for all the
tested specimens. More precisely, the timber–connector
connections and the concrete–connector connections.

Concerning the failure of the concrete–connector con-
nections, concrete tearing on a few specimens with straight
connectors was observed in the plastic deformation phase
of the connector (6 tested specimens concerned). This

difference in behaviour could be explained by the shorter
anchoring length of the straight connector in the concrete
than the 90° head curved connectors. The 90° head curved
connectors, because of their shape, have greater anchorage
in concrete, thus presenting a greater range of embedment
than straight connectors. After a high level of loading, con-
crete cracks at the surface of the concrete slab in the direc-
tion parallel and perpendicular to that of the grain timber
beam were often observed on the specimens with both
connector shapes (straight and 90° head curved) during
the tests (5 tested specimens affected by the 90° head
curved connectors and 2 tested specimens concerned by
the straight connectors) (Figure 14). Concrete cracks are
more observed on specimens with the connector
embedded in the concrete close to 1 cm; they generally
originate around the connector anchor after the concrete
has burst by the connector.

Concerning the breakage of timber connector connec-
tions, it is characterized by internal damage to the timber-
producing fiber extrusions caused by sliding stratification
of the connectors (Figure 15), more pronounced on the
Ayous wood species and for the connector with a diameter
of 12 mm.

Straight and 90° head curved connectors are deformed
by presenting plastic hinges (Figure 16). No connector
breakage was observed after the tests. The development
of these plastic hinges seems to be proportional to the
density of the wood species, the grade of the steel, and
the diameter of the connector. It was observed that when
the plastic deformation of the connector is less pronounced
at the end of the test, the failure of the wood by extrusion
of the grains at the level of the connector anchorage is
more amplified. The development of plastic deformation
of the connectors is less pronounced on connectors with a
diameter of 12 mm, grade S500 in the Ayous wood species
compared to the two hardwood species with the same dia-
meter and grade steel; certainly because of the foundation
modulus of the connector which is reduced in the softwood
Ayous species compared to the Iroko and Dabema hard-
wood species [38].

Table 7: Ductility ∇ of connectors tested in shear

Wood species Values ∇ [%] HB10F4 HB10F4D HB12F4 HB12F4D HB10F5 HB12F5

AYOUS Main (CoV) 5.4 (8.3%) 2.1 (3.3%) 5.8 (2.3%) 7.2 (5.3%) 1.5 (2.0%) 2.2 (2.5%)
DABEMA 5.6 (5.64%) 4.6 (2.3%) 8.6 (1.0%) 8.9 (5.0%) 7.9 (1.5%) 3.0 (9.2%)
IROKO 11.2 (13.7%) 1.7 (4.4%) 10.1 (2.5%) 4.3 (2.5%) 4.0 (6.2%) 1.0 (2.9%)
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4.4 Theoretical evaluation of shear capacity

Since no standard method has yet been established for
evaluating the mechanical properties of connectors for

timber–concrete systems, the theoretical evaluation
approach for steel rod assemblies for timber–concrete
structures often used by authors [39] is the one proposed
on Eurocode 5 (EC5) [29] for timber–timber steel

Extrusion 
of �mber 
grain

(a) (b)

(c) (d)

Figure 15: Failure of the timber-connector: (a) extrusion of timber grain by the connector; (b) embedment of straight connector on Dabema timber
specie; (c) embedment of straight connector on Ayous timber specie; and (d) embedment of 90° head curved connector on Dabema timber specie.

Cracks in 
concrete Slab

Tearing of 
concrete Slab (a) (b) (c)

Figure 14: Failure of the concrete-connector: (a) tearing of the concrete by a straight connector; (b) and (c) cracks in the concrete by 90° head curved
connectors.
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connections. EC5 [29] formulas very often tend to overesti-
mate the mechanical values of the connectors compared to
the values obtained experimentally. The theoretical value
of the sliding modulus (notation Kser in EC5 [29]) is based
on the connector type, timber density, and connector dia-
meter. The equations are as follows:

Screw

( ) ( )=K ρ
d

2
23

N/mm .ser m

1.5 (6)

Non-pre-drilled nail

( ) ( )=K ρ
d

2
30

N/mm ,ser m

1.5

0.8

(7)

where ρm is the density of the timber element (kg/m3), and
d is the outer diameter of the connector (mm).

Based on the values in Table 8, EC5 [29] tends to over-
estimate the in-service sliding modulus of the connectors
tested with an average difference of 54.9% between the
calculated values and experimental values for the timber
species used in the tests. Furthermore, Djoubissie et al. [13]
experimentally evaluated the sliding modulus of a high
bond connector of grade S400 inserted into a tropical hard-
wood species Kosipo by screw. Although the fixing condi-
tions are slightly different (our connectors, for example,
are inserted into the wood by hammering, and those of
Djoubissie by screw). It is a question of assessing the dif-
ference between the sliding modulus of HB connectors in

Table 8: Comparison of test results with theoretical results of EC5 [29] and experimental results of Djoubissie et al. [13]

Connection Experimental Ks (kN/mm) Kser according to EC5 (kN/mm) Djoubissie Ksd (kN/mm) ΔKs/Kser ΔKs/Ksd

HB10F4 2.65 6.55 2 59.5% 24.5%
HB10F4D 2.74 6.55 N.U(*) 58.1% N.U(*)
HB10F5 3.05 6.55 53.4%
HB12F4 3.69 7.86 2.9 53.0% 21.4%
HB12F4D 3.65 7.86 N.U(*) 53.5% N.U(*)
HB12F5 3.78 7.86 51.9%

*NU: not used; ΔKs/Kser: the relative gap between the experimental Ks and Kser of EC5 [29]; and ΔKs/Ksd: the relative gap between the experimental Ks
and Ksd of Djoubissie et al. [13].

 

Plas�c Hinges 

(a) (b) 

Figure 16: Plastic deformations of the connectors after tests: (a) example of plastic deformation of 90° head curved connector and (b) example of
plastic deformation of straight connector.
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shear of the same shape for the two experimental studies.
The average differences in sliding modulus between HB
connectors for steel grade S400 and 90° head curved
threaded shape and tested by Djoubissie et al. [13] in the
Kosipo wood species and our connectors with the same
mechanical characteristics for the three wood species are
around 24.5% for a 10 mm diameter and 21.4% for a 12 mm
diameter. Our tested connectors tend to give a higher
sliding modulus compared to those tested by Djoubissie.

5 Conclusion

In this study, experiments were performed in the
Laboratory of Mechanic and Materials of the National
Higher Polytechnic School of Douala Cameroon to analyse
the behaviour of the timber–concrete connections using
tropical leafy species from Africa and on high-bond steel
connectors for reinforced concrete. The first step of the
work consisted of the acquisition of the different materials
to be used in the experimental campaign in the local
market of Douala, Cameroon, and their storage. The second
step consisted of the physical and mechanical characteri-
zation tests of the different materials on standardized
wood, concrete, and steel specimens. The third phase con-
sisted of shaping connectors, symmetrical push-out test
specimens composed of timber and a 5 cm thick reinforced
concrete slab, and then double shear tests to obtain the
main mechanical parameters of connectors.

The main results showed the following:
• Straight and 90° head curved steel connectors introduced
into different species of tropical leafy wood by ham-
mering prove their ability to respond to shearing
stresses. The mechanical shear behaviour of different
connectors showed a clear nonlinear performance for
all series and a ductile failure mode. The load–slip curves
of all connections, irrespective of the wood species, show
clearly two phases: the load increases pseudo-elastically
with a slip less than 5mm in the first phase; in the second
phase, the load increases slowly, characterizing a plastic
deformation of the connection system.

• Bending the connector at 90° compared to keeping it
straight reduces the risk of breaking the connection
system by tearing out the concrete. Inserting the 90°
head curved connector into wood by hammering is less
obvious than the straight connector. The mechanical
shear performances of the two connector shapes are
quite similar.

• Dabema and Iroko hardwoods improve the mechanical
performance of connectors in shear compared to Ayous

softwood; an improvement in the values of elastic shear
strength and sliding modulus of the connector of the
order of 25 and 15%, respectively, is obtained when the
connector is used in Dabema wood than in Ayous wood
species.

• The mechanical performance of HB connectors in shear
improves, on the one hand, with its diameter, on the
other hand, with its grade class. An average increase of
5.5% in the connector’s sliding modulus is observed for
grade S500 compared to grade S400; similarly, an
average increase of 24% in Ks and 20% in Re is also
observed when the connector of diameter 12 mm is
used compared to the connector diameter of 10 mm for
the three wood species tested.

These results make it possible to validate the mechan-
ical performance of tropical leafy wood in responding to
shear stresses when used in timber–concrete composites.

In this work, some aspects are not approached, in par-
ticular, the following:
• The influence of the variation in time of mechanical
properties, including creep, shrinkage, and moisture con-
tent of timber and concrete, on the structural behaviour
of timber–concrete HB connectors in shear.

• The influence of the insertion of the plywood at the tim-
ber–concrete interface on the mechanical behaviour of
the HB connectors put in on tropical leafy species.

• The influence of an inclination of the straight HB con-
nectors of an angle less than 90° relative to the wood
grain on the mechanical shear behaviour of the straight
connector.

• An application using the method γ given in annex B of
Eurocode 5 [27] can be performed to compare the tested
connection systems considered in a composite beam
under bending.
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