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1. INTRODUCTION

This report contains the results of mechanical tests of timber screws NWS51 in accordance with
provisions of the technical specification EN 14592:2008 (Timber structures - Dowel-type
Jasteners - Requirements). Control measurements of geometry and as well as tests for defining
mechanical characteristics were carried out at the Laboratory for Structures of Slovenian National
Building and Civil Engineering Institute (ZAG Ljubljana), Dimi¢eva 12, 1000 Ljubljana, from
12" of December to 27" of December 2011,

This report contains test results and photographs of tests. The detailed test results and relevant
diagrams are enclosed in Annexes A and B.

2, DESCRIPTION OF TIMBER SCREWS

2.1 Definition of product

Tecti NWS51 screws are selt tapping hex shank dual thread serews used for solar system fixing.
Screws with diameter 8, 10 and 12 mim are — according to the manufacturer documentation
delivered on 19" October - produced from stainless steel SUS 304 according to JIS G4308. The
geometry of screw is presented in Figure 1.

Screws shall be screwed into timber without pre-drilling.

Nominal dimensions of screws are presented in Table 1.

Figure 1 NWST serews — geomeiry as defined in manufacturer catalogue

Table 1: NW51 screws — nominal geometry of specimens and grouping of screws

“haracteristic ‘ o
=iy | L=y |e=L (.I'I srateristic Ch aracteristic Gt Char icleristic
| £ wvield moment withdrawal it tersianal
[ [ | d : Tensile strength i
best parameter = rati
8 150 G5
b 200 05 Broup Zroup aroup Rroup
10 160 7
10 20061 il
10 250 70|
10 oo n group group aroup 2roLp
12 200 80 | single single
12 230 [0
12 300 100 AIDBEA
12 350 100 SR RN
12 4001 [0 £roup group RO gmuﬁ' "
|IJ ol
= it WY
The results of the tests refer only o the tested specimens, This report may only be reproduced as a whole I"-.\-k_ . i _;'."l

e, P8, 120010072 Ny N



No.: P 1192/11-640-1 Page: 4/14

3 STANDARD REQUIREMENTS

Geometry and mechanical characteristics of NWS1 screws were evaluated according to the
harmonized European standard EN 14592:2008, chapter 6.3.3 and 6.4.3. Initial type testing of
mechanical characteristics was performed according to the requirements given in EN 14592:2008.
chapter 7.2, Tested screws — due to their purpose — differ from classical timber screws defined in
EN 14592:2008. Therefore only relevant dimensions for fixation into timber were checked.
Furthermore only three mechanical tests were performed: vield moment test. characteristic
withdrawal parameter and characteristic torsional ratio test. Head pull through parameter test was
not performed since the results would be irrelevant for the intended use of screws. Test of tensile
strength of screws was additionally performed.

31 Geometry
Standard EN 14592:2008 defines the following criteria for geometry properties of screws:

o The nominal diameter (outer thread diameter), d. used for screws shall not be less than 2.4
mm and not greater than 24 mm. The measured nominal diameter shall be within £ 2.5%
of the declared value.

e The inner threaded diameter of screws, dy, shall not be less than 60% and not more than
90% of the outer threaded diameter. d. (0.6 d = d; = 0.9 d).

e Screws shall be threaded over a minimum length 1, (l; = 6 d). the overall length shall be
within £ 2.5% of the declared value.

o Threaded length and head diameter have to be within = 5% of the declared values.

Five specimens have to be sampled. Calibrated measuring device has to be capable of achieving
an accuracy of £ 1% of the measurement.

3.2 Mechanical strength and stiffness

Ten specimens have to be tested for each diameter in each test. Characteristic values have to be
calculated according to EN 14358:2006 (Timber structires — Calcwlation of characteristic 3-
perceniile values and acceptance criteria for a sample).

3.2.1  Characteristic yield moment

Characteristic vield moment M,y is the minimum characteristic value determined on both the
threaded section and the smooth section of the screw (in cases where this is feasible). Tests have
to be performed according to EN 409:2009 ¢Timber structures — Test methods — Determination of
the vield moment of dowel tvpe fasteners), where the bending angle « is limited to a maximum
value of 45/d"7 degrees, d in mm (Figure 2). The distances |, in 15 are equal to 2d and the distance
I> is equal to 3d. In addition no cracks shall be observed at a bending angle oy, of less than {45:’{!”'?
+ 10) degrees. Test should be performed in 10 £ 5 5,

Pass/fail criteria is used for description of cracks.

[he results of the tests refer only to the tested specimens. This report may only be reproduced as a whole,
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Figure 2: Schematic representation of vield moment test

3.2.2  Characteristic withdrawal parameter

Characteristic withdrawal parameter f, is declared on one timber density directly by testing in
accordance with EN 1382:1999 (Timber siructures — Test methods — Withdrawal capacity of
timber fasteners),

The target value of timber density is 350 kg/m’. The screw axis should be perpendicular to the
timber surface. Installation of screws should follow the manufacturer recommendations and
should comply with Figure 3.

The penetration depth I; should be bigger than 1. Test should be performed in 90 + 30 s.

Figure 3: Schematic representation of withdrawal test (EN 1382:1999)

The result of tests are declared characteristic withdrawal parameter values (fiy = Fra 7 (d - 1))
together with the characteristic timber density (py).

3.2.3  Characteristic torsional ratio

Characteristic torsional ratio is declared as a ratio between characteristic torsional strength (fi,1)
and characteristic torsional resistance to insertion into timber (K1), Characteristic torsional
strength shall be determined by testing in accordance with the method given in EN [SO
10666:1999, 4.2.3. Screw shall be clamped in the area of thread in such way that thread is not.
damaged, At least two pitches of screw thread must protrude above the clamping. lhc mrquc has
to be measured with suitable calibrated torque measuring device,

The results of the tests refer anly to the tested specimens, This report may only be reproduced as a whole
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Torsional resistance to insertion shall be determined by testing in accordance with the method
given in EN 14592:2008, Annex B. Screws have to be screwed into the timber piece with less than
100 revolutions per minute until the screw is fully embedded along its entire length in the timber
specimen. Timber with the density between 400 and 500 kg/m’ should be used. Vertical
displacement and screw insertion moment have to be recorded. By using the moment/penetration
depth diagram the maximum value of the screw insertion moment (R, ) prior to the point at
which the screw head came into contact with the timber specimen. Insertion moment has to be
adjusted to a common timber density of 450 kg/m” using the equation Ry, = (450/p) Ry .

The ratio fi i/ Ry should be bigger than 1.5.

3.2.4  Characteristic tensile strength

Characteristic tensile strength fiy is declared by classic tensile test of screws, The rate of loading
shall be chosen so that the failure load (ultimate load) is reached within 10 £ 30 s,

The result of tests are declared characteristic head pull through parameter values (f;;) for each
diameter.

4 SPECIMENS

Standard EN 14592:2008 in clause 7.1 allows grouping of products into families “where it is
considered that the results for one or more characteristic from any one product within the family
are representative for that same characteristics for all the products within that same family™.

Grouping of screws was performed in agreement with the manufacturer.

Specimens were delivered to ZAG laboratory on 24" of October 2011, The screws were
designated as:

e Yield moment test:

L11094/Aldiameter] [length]/1 — L11094/A[diameter] [length]/10,
e Withdrawal parameter test:

L11094/C[diameter] [length]/1 — L11094/C[diameter] [length]/10,
e Torsional ratio:

Torsional strength:

L11094/B[diameter] [length]/1 — L11094/B[diameter] [length]/10,

Torsional resistance to insertion:

L11094/BR[diameter] [length]/1 — L11094/BR[diameter] [length]/10,
o Tensile strength test:

L11094/D[diameter] [length)/] — L11094/D[diameter] [length]/10.

The results of the tests refer anly to the tested specimens, This report may only be reproduced as a whole,
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5 MEASURING EQUIPMENT

Screws dimensions and dimensions of timber pieces (except length) were measured with calliper
gauges with accuracy + 0.03 mm. Length of timber pieces (withdrawal parameter test, torsional
resistance to insertion) was measured with measuring tape (accuracy £ 1 mm).

The moisture content was measured according to SIST EN 13183-2:2003: Moisture content of a
piece of sawn timber - Part 2: Estimation by electrical resistance method. GANN 4050 measuring
instrument was used.

The mass and consequently the weight of timber pieces were measured with electronic laboratory
balance KERN FKB A (accuracy = 6 g).

The displacements were measured with linear variable differential transformers (LVDTs) with
accuracy = 0.03 mm (displacement bigger than 50 mm with accuracy 0.1 mm).

Forces (torque) were measured with the load eells with the following measuring range/accuracy:

e Yield moment test, withdrawal parameter test, head pull through parameter test, tensile
strength test: 30 kN £ 0,05 kN,

¢ Torsional strength and torsional resistance to insertion: 100 Nm + 0.03 Nm.

6 TEST RESULTS

6.1 Geometry

The geometry of five screws in each group was checked. The average values of results are
presented in Table 2.

The following dimensions were checked:
s d - diameter of timber threaded part,
e d, —inner threaded diameter of screws,
e | —overall screw length,

g

threaded length,
e (., diameter (non threaded),
®  fpeg— hexagonal head dimension.

All measured dimensions satisfy criteria given by the standard EN 14592:2008 (see also Chapter
3.1

Table 2: Dimensions of screws

nomminal &L, d [mm] d; [mm] I [rmm] I, || dy [mm)] | apes [mm]
8200065 | 789 5.75 200.1 65.22 6.94 4.76
107300800 0.8 6.92 294.9 (%82 B.83 .80
| 2/200/80 11.76 876 2004 | 7996 | 1048 TER

12/400/100 11.82 8.66 400.5 49,72 1064 7.87

Lhe results of the tests refer only (o the tested specimens. This report may only be reproduced as a whole.
Crhe, B8 T 2-000-0002
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6.2 Characteristic yvield moment

Testing equipment, position of specimen and position of LVDT at yield moment test are presented
in Figure 4 and Figure 5,

Half of specimens in each group were tested on threaded section and half of them on non threaded
section, Test results are presented in Table 3. Detailed results can be found in Annex A.

All tests were conducted as planed. No cracks were observed on specimens at angle «.

Table 3: Characteristic vield moment — test results

. | .
comotonmas | Johot | 200 | More | 5, [ | premdmtan
LITO%4AS 20000 - 10 B200/6S 10,3 33123 27204 21.1 no cracks observed
LUTOSEATO 300 - 10 | H/A00/80 L 39123 41916 19 - no cracks observed
LLIO94/AT2 200/ - 10 t2:4{rD“ID£] _T‘J__ _9_?9;;_ _;17_94 17.9 . no cra;cks ul:nsen.'ed

] B
Figure 4 Yield moment test: Testing equipment

The resielts of the tests refer only to the tested specimens. This report may only be reproduced as a whole,

Chbe, PN 220000002
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Figure 5: Yield moment test: Test on threaded part of screw

6.3  Characteristic withdrawal parameter

Testing equipment and position of specimen at withdrawal parameter test are presented in Figures
6.7, and 8.

Test results are presented in Table 4. Only one piece of timber was used for each test group.
Penetration depth I, used for withdrawal parameter calculation was measured for each specimens
separately.

Results for specimen L11094/C8/200/2 were not taken into consideration due to the fact that this
screw was installed into a knot.

Detailed test results can be found in Annex A.

e ey
The results of the tests refer only to the tested specimens. This report may enly be reproduced as a whole, S e B
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Figure 7: Withdrawal parameter test
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festing equipment (2)

Figure 8: Withdvawal paramelter test — festing equipment (3)

Table 4: Characteristic withdrawal parameters — test results

Average | Characteristic
Nominal withdrawal | withdrawal
Ciroup of specimens | dimensions L P* | Fasensse parameter | parameter
; i [ ] [kem’) [EN]
[]'I'IITI] rat.a\r.'a&e rn,k i
[ M mme] [ mim]
L1T0%3/C8_20007-10 8200763 64,87 458 8709 16,54 14.41
LITOSGA0 10 3000 =100 ) 1 300/70 72,89 436 181 1483 12.73
LITOACT2 200/1-10 | 12/200/80 7878 447 14.76 15.61 13.33
LITOSCT2_ 40010 12/400/ 100 102,46 463 2111 17.23 11.56
® Single timber piece was used (see Figures 7-9),
None of tested screws tear in tension — all screws were pulled out of timber.
AR DBEN \
'.ul' Ak F R
."L.rlk ; L :‘\.\-.
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6.4 Characteristic torsional ratio

Testing equipment for performing torsional resistance to insertion test is presented in Figure 9.

Figure 9: Torsional vesistance to insertion of screws — testing equipnient

Testing equipment and position of specimen at torsional strength test are presented in Figures 10
and 11.

Fjg”re !ﬂ: T{J}'-‘.I'!!UH”! .'.'.I‘f'{,’?i!gh"i' fest ngﬂ.l"{’ .!r.i;.' TU."S.FGHIHIF .!-'H‘E.?’i!gf}? ;C‘.‘&T = ﬂrfllvl':”-.l!l

The point of destruction at torsion strength test was most commonly in the E;ea threaded timber
section — untreated section. No unexpected failures occurred. g™ SN

/< M AN
rf-"l.. - Qo 1'\'1

he resulis of the tests refer only to the tested specimens, This repert may only be reproduced as a \\}lg‘Tq: F .'_}-_;/
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Separate specimens were used for torsional resistance to insertion test and torsional strength test.
The first group of specimens was marked as group BR and the other as B.

The results — characteristic torsional ratios — are presented in Tables 5. Values of average and
. . . : . f v s ;3
characteristic resistances to insertion are already adjusted to average timber density 450 kg/m”.

Table 5: Torsional ratio

lerisonal strength ([3) Resistance to insertion (BR)
hmur;;}: r_.-'h[[;;{k;lmm tr-rlr;;-:;isf [!‘:‘Tt.:c] !{'i*lf\;:':"“*'" R w [Mm] [k gI-"-;n"‘] ratio
LIT098/Blor BR)E 200:1-10 38.78 37.95 6.40 517 473 7.34
L1094 B er BRYO 30071-10 69.56 68.03 12,10 9.67 460 7.03
L0944 Ber BRI2_20070-10 123.3 120.63 22,78 18.01 468 6.70
LIT094/ B{or BRI1Z 400/1-10 122.4 115.87 26.17 22,75 480 509

6.5 Characteristic tensile strength

Testing equipment, position of specimen at tensile strength tests are presented in Figures 12 and
13, Screws with diameter 12 mm were tested in Zwick 25002 testing machine.

The point of destruction was most commonly in the threaded area section: screws with diameter 8
and 12 mm tear in the area of metric thread and screws with diameter 10 mm in the area of timber
thread. Diameter related failures are also evident form the force displacement diagrams (see
Annex B). Diagrams for screws with diameter § mm and 12 mm have evident plateu between
yield point and fracture point while this is not the case for screws with diameter 10 mm,

Test results are presented in Table 6. Detailed test results are presented in Annex A,

Table 6: Average and characteristic tensile strength of screws

Mominal B erage fiu
Ciroup of specimens dim, [mm] [KM] [E]
L11094/AR 200/1-10 B200765 27.65 27.06
LITOAA D 30000-10 IO R 4247 4172
LIT0S4AT2 400 T-10 [ 27400 100 59.67 RN
.-'f..--
/< ’

/ o)\

|~ ““YBLA 1l

\ 13 oy

[he results of the tests refer only o the tested specimens. This report may only be reproduced as a whole " A
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Figure 12: Tensile strength tesi (d = 8, 10 Figure 13: Tensile strength test (d = 12 mm)
nim)

7 Conclusions

The purpose of presented testing was to evaluate the performance of Tecti NW351 timber screws
with the requirements defined in EN 14592:2008. On the basis of the measurements of screws and
on the basis of mechanical laboratory tests (vield moment test, withdrawal parameter test, head
pull-through parameter test, tensile capacity test and characteristics torsional ratio tests), the
following conelusions can be made:

¢ The dimensions of screws comply with the requirements of EN 14592:2008.

The values of characteristic yield moment M, are in range from 27204 Nmm (d = 8§ mm)
to 81794 Nmm (d = 12 mm). No cracks were observed at angle «,.

¢ The values of characteristic withdrawal parameter fi, y are in range from 11.56 N/mm® {d=
12 pum, 1= 400 mm) to 14.41 N/mm” {(d =8 mm, | =200 mm).

¢ The values of torsional ratio are in range form 5.09 (d = 12 mm, 1 = 400 mm) to 7.34 (d =
& mm, | =200 mm).

o The values of characteristic tensile strength fi), are in range form 27.06 kN (d = 8 mm) to
SBO9 KN (d = 12 mm).

An overview of test results is given in Table 7.

S /
The results of the tests reler only te the tested specimens. This report may only be reproduced as a whole, pr——
b, PSP 2-001 082
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Table 7: Test results

d' [rrm] I,._...:' [rmm] M,y [Mmm] rax.L“ |N.-'m|n:] Fror i P, L'“ [ k]
b ! 200 2724 _ 1441 (p =458 kg-"lﬂ"] T.34 2706
10 | 300 42926 | 1273 (p = 436 he'm’) 7.03 41,72
2 200 X | 13,33 (p =447 kg/m’) 6,70 X
12 A0 81794 11.56 (p =463 kg'm’) 509 58.99

* Dizmeter / length defined by manufacturer,
** Single picce of timber.

*## Adiusted to average timber density 450 kg/m’,

Therefore it can be concluded that tested screws fulfil the geometry requirements defined in
EN 14592:2008. All — for this type of screws — relevant mechanical characteristics evaluated
from the test results are also above the standard requirements.

Prepared by:

Tomaz Paz)dr, Ph.
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