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Abstract

The aim of this article is in description of behavior and bearing capacity of one-shear nail joint
of cement-splinter boards with middle solid wood element. This is made on the base of destructive
laboratory testing according to valid European standards [1]. In the second part of this paper there is
described typical damage of these joints and comparison of these results with bearing capacity of the
same way arranged and loaded joints, where however instead of cement-splinter boards solid wood
boards were used.
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Abstrakt

Obsahem tohoto prispévku je popis chovani a tinosnost jednosttiznych hiebikovych spoji ve
spojich cementostépkovych desek s prostfednim prvkem z rostlého dieva. Toto je provedeno na
zakladé destruktivniho laboratorniho testovani podle platnych evropskych norem [1]. V druhé ¢asti
tohoto piispévku je popsano typické poruseni téchto spojii a srovnani s vysledky spojd, kde
cemetosStépkové desky jsou nahrazeny rostlym dievem.

Kli¢ova slova
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1 INTRODUCTION

Cement splinter boards are among others [2, 3] used in civil engineering also as a bearing and
stiffening wall-cladding of timber structures with the timber wall frame [4]. Material properties
(physical and mechanical) of these boards are already relatively detail laboratory determined and
known. But in standards for design of timber structures there are no specifications of behaviour of
these joint types, which is necessary for correct design of nail joints of these boards with timber
frame.

Doc. Ing. Antonin Lokaj, Ph.D., Department of Building Structures, Faculty of Civil Engineering,
VSB-Technical University of Ostrava, Ludvika Podeste 1875/17, 708 33 Ostrava, tel.: (+420) 597 321 302,
e-mail: antonin.lokaj@vsb.cz.

Ing. Kristyna Vavrusovd, Ph.D., Department of Building Structures, Faculty of Civil Engineering,
VSB-Technical University of Ostrava, Ludvika Podeste 1875/17, 708 33 Ostrava, tel.: (+420) 597 321 375
e-mail: kristyna.vavrusova@vsb.cz.

95



Test samples are selected to correspond with values usually used in praxis (cement-splinter
board and middle solid wood element thickness, diameter and arrangement of dowel type elements —
nails) and results of this research are applicable into praxis.

2 MEASUREMENT DESCRIPTION

Tested material

There were selected cement-splinter boards with thickness of 25 mm (pr = 700 kg.m™) and
35mm (o = 650 kg.m?) and squared timber (spruce with the strength class C24 — standard
characteristic value of density pr = 350 kg.m> which laboratory measured average density was
470 kg.m™ [5].

Fasteners

Nails with a diameter of 2.8 mm and length of 70 mm made of steel with minimal ultimate
tensile strength £, = 600 MPa were selected as fasteners for testing.

Test samples

There were created two sets of one-shear nail joints of cement-splinter boards with middle
element made of solid wood (40 samples in each set). Thickness of middle solid wood element is

60 mm. Thickness of outer cement-splinter and solid wood boards were selected in praxis most used
values 25 and 35 mm (obr. 1, 2 a 3).

B P e
Fig. 1, 2, and 3: Test samples with selected outer boards thicknesses (25 and 35 mm)

Test procedure

The measurement took place on hydraulic press EU40 in VSB-TUO Faculty of Civil
Engineering laboratories [5, 6, and 7].

3 LABORATORY MEASUREMENT RESULTS

3.1 Statistic evaluation of tests results

Table 1 shows a brief overview of fasteners bearing capacity statistic results of nails in joints
of middle solid wood element and outer cement-splinter boards with selected thicknesses. In table 1
there are also mentioned values of nails bearing capacity determined by calculation according to [1]
(one-shear joints board-timber) kioq = 1.0 and y,=1.3.

96



Table 1: Contains the result values of one-shear nail joints bearing capacity (F,z) in joints of middle
solid wood element and  cement-splinter  boards  with  selected thicknesses
(Fyv.ri, mean — mean value, SD — standard deviation, Fyri; - 5% quantile — characteristic value of
laboratory determined bearing capacity, Fz« - 5% quantile — characteristic value determined by the
calculation according to [1])

Outer board Laboratory determined nails bearing Bearing capacity determined by
thickness [mm] capacity [kN] the calculation according to [1]
t [mm)] Fur; SD Fyrit Fyri
25 1.275 0.146 1.034 0.857
35 1.080 0.129 0.868 0.854

On the basis of destructive testing results were created histograms (fig. 4 and 5) of nails
bearing capacity in joints of cement-splinter boards of selected thicknesses (which can be used e.g. in
fully probabilistic method SBRA [8, 9]).

Bearing capacity - 35 mm bhoards

Bearing capacity - 25 mm boards

Numnber of samples
Number of samples

vy uE 1 k] 1z 1 13

Bruring vapacily (kN Bearing capacity (kN)

Fig. 4, 5: Histograms of the measured values of the bearing capacity of fasteners in 4-nail
joints (F,gk) with board thicknesses 25 a 35 mm

3.2 Test samples damage
The test samples were loaded till the reach of maximum load or limit shift of 15 mm (fig. 6).
Mostly was reached maximum load if the joint before the limit shift of 15 mm. In the picture 6 is
shown the test sample before and after test procedure with visible shift of boards after test procedure.
By the test samples after the destructive testing is visible shift of cement-splinter boards. In the
picture 7 is shown typical damage (plastic bend) of fasteners — nails.

Fig. 6, 7: Test samples before and after destructive test procedure;
typical damage of joint fasteners - nails
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3.3 Comparison with samples with solid wood boards

For comparison possibility of one-shear nails bearing capacity in joints with cement-splinter
and solid wood boards was performed another set of 40 samples, where the cement-splinter boards
were replaced with solid wood boards. Statistic evaluated tests results are mentioned in table 2.

Table 2: Contains the result values of one-shear nail joints bearing capacity (£, ) in joints of middle
solid  wood element and solid wood  boards  with  selected  thicknesses
(Fvrk mean — mean value, SD — standard deviation, F\, s - 5% quantile — characteristic value of
laboratory determined bearing capacity, Fz« - 5% quantile — characteristic value determined by the
calculation according to [1])

Outer board Laboratory determined nails bearing capacity | Bearing capacity determined by
thickness [mm] [kN] the calculation according to [1]
t [mm] Fy,Rk, mean SD Fy.ri Fy.ri
25 0.915 0.050 0.816 0.734
35 0.863 0.021 0.828 0.734

4 CONCLUSION

According to [1] calculated characteristic bearing capacity Fyrx for one-shear joints of
cement-splinter boards and middle element of solid wood is 0.857 kN for board thickness of 25 mm
and 0.854 kN for board thickness of 35 mm.

The characteristic values gain from destructive laboratory testing are 1.034 kN for board of
thickness 25 mm and 0.868 kN for board thickness of 35 mm. These values are established for shift
of the joint 1mm.

From tables 1 and 2 is evident, that bearing capacity of one-shear nail joints with cement-
splinter boards is higher than in joints with solid wood boards. For board thickness of 25 mm the
difference is approximately 22% and for board thickness of 35 mm approximately 5%.

The difference in bearing capacity is possibly due to greater density of cement-splinter boards
in opposite to solid timbers, which were used as outer joints elements.

It is possible to say, that cement-splinter boards in nail joints act similar as solid wood.
However in calculations of bearing capacity of these joints is necessary to use actual cement-splinter
boards’ density.
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