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ThisShort Term Scientific Missidakes place in COST action FP14GBasis of structural timber
design- from research to standardsin Working Group 84 / 2 y' y S (Tteiparyodesof thiaction

is to bringscientific results and the sp#ic information needed by designers, industry, authorities and

code committeesogether. The main task of th&/orking Group 3 (Connections) is the collectiod an
harmonization of methods andagpameters todeterminethe loadcarrying of dowetype fasterers.

Karlsruhe University of Technology is a leading lab in the field of timber engineering. Under the
supervision of Prof. Hans Blass, many tests have been done to characterize the properties of single
fasteners.In the context of the forthcoming revisioof EC5, this Short Term Scientific Mission at
Karlsruhe University of Technologydivided in tvo main parts:

1 The first oneis based on the collect and classification of all experimental results about the
characterization ofastener withnails(developnent of a database).

1 Inthe second part, we look how a property may be correlated to another one in an attempt
explain one from the other.

Figurel ¢ Different nails
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The fist part of the work consied in creatinga database thabrings experimental resultsogether.
There are only fasteners with nails (most of them are threaded n@ilsyently, the database include
results of 9&eportsand approacksthe followingfastener and system parameters

1 Geometrical parametersf nails

o Nominal dameterQ[mm] (diameter given byhe industry)
Nominal diameteiQ [mm] (diameterafter measurementn lab)
Head diameteiO [mm]
InnerdiameterQ [mm]
OuterdiameterQ [mm]
Nominal lengttd[mm] (length given by industry)
Nominallengtha [mm] (Ilength after measurement in 13b
Peak lengtht [mm]
Threadedlengthd [mm]
Ringlengtho[mm]
Head thickness [mm]

O 0O O O0OO0OO0OO0OO0OOoOOo

Detail X

Figure2 - Nail

1 Tensile test parameters
0 Tensile strength of wiré2 [MPa]
0 Tensile capeity (of the nail)O[kN|
1 Bending éstparameters
o Yield moment) [kNm]
1 Withdrawaltest parameters
o Density’ [kg/m?]
o Effective lengttdo  [mm]
0 Axial forceO [kN]
o Withdrawalstrength'Q ——[MP4
1 Head pulithrough testparameters
o Density” [kg/m?]
0 Axial forcéO [KkN]
0 Head pulthroughstrength™Q — [MPH4

Other:stainless steelgalvanizedr not, fire protection or not, etc.
Embedmenstrengthwas not considere¢h this mission.

=a =9
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Figure3 ¢ Bending test and withdrawal test

Thestructure of thedatabase is summarized drablel. The number of data for each parameter is
given onTable2.

Tablel ¢ Summary of the database

N° of | Tvpe of Parameters Geometry Other
report X}Z” "Q O | 0 x| © Q Q |y Stainless stee| Galv. X
P [MPa] | [kN] | [kNm] | * | [mm] | [mm] | [mm] YIN Y/N

Table2 ¢ Number of data for each parameter

Geometry Withdrawal Head pulthrough
032901902 0) "0 "O ) parameter parameter
[mm koms] | kN] | [kgfmd | [kN]
70008250 1082 1066 2981 3561 940
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The secongbart of the work aimedo analy® the assembled datand see where we can simplify/unify
design rulesetc. Stainless steel nails were not considered.

1 Laterally loaded connectionstensile strength of wire tensile
capacityandyield moment

Figure4 - Laterally loaéd connections

In mechanics, the yield momenttlee moment taken at theelastic limi and is expressed as follow:

0 0 1

5
o
Where™Qis the yieldstrength andQthe diameter of the nailThe characteristic yield momeit

for the differentfastenes with nailsin Eurocode 5ECY is summarizedn Table3, where "Q s the
tensile strength of wireand'Qthe diameter of the nail

Table3 - Characteristic yield moment for nails fasteners (EC5)

Nails
Smooth round nails (EC5 equatidri4) 0 § o Q " Q
Smooth square and grooved nails (EC5 equation § § it ho

Threaded nails As stated in BS EM892, by testing in
accordance wh BS EN 409

It is interesting to notice thamost rails of the database are rountiteaded nailslt could berelevant
to see if a relationship can be found as $anooth round nailsn this section, each parametéensile
strength of wire, tensile capacity and yield mompgistanalysed with general commisrandwe try to
answer the following questions:

1 Can we obtaityield strength'Qfrom tensile strength of wiréQ?
1 Canwe obtaintensile capacity (of the naikpfrom tensile strength of wiréQ ?
1 Canwe obtain yield momend from the other parameter®

A detailed analysigegression and calculation B) is performed for yield moment.

1 Source « Timber Wnnections», Ad Leijten
http://eurocodes.jrc.ec.europa.eu/doc/WS2008/EN1995 5 Leijten.pdf

2n statistics, the coeffient of determination, denoted R2 or end pronouncedR? is a number that indicates
how well data fit a statistical modelsometimessimply a line or a curve. An 821 indicates that the regression

5



1.1 Tensile strength of wirdl} [MPa]

We can seeon Graphl that the tensile strengthranges fronb15 [MPa] to 1142 [MPa] and seems to
slowly decrease with the diameter of the wire. Hoxee, the low value 0R2(R2=0.1602) shosithat
datadoy” Gitivery well. We noticethat some valueare under 600 MPahighlighted in redl
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Tensile strength of wire fu [MPa]

200

0 1 2 3 4 5 6 7
Diameter of the wire [mm]

Graphl

Something inteesting we can try with the date to see if a relatiordp can be foundetween the
yield strengtiQand the ensile strengtiiQ. Theyield strength was not measured in the repoofshe
KITbut we cancalculate, using the yield momeaguation1-1.

Q "Q 0 1-2
0 ¢

T

@

M, x

y d3

Figure5 - Yield strength/Eand the ensile strength/e

A handling of the data is necessafyor one report, the mean value tdnsile strengthwas associated
to naildiameterQ Graph2 shows thatthere is no obvious relationship

line perkectly fits he data, while an R3f O indicates that the line does not fit the data at all. This latter can be
because the data is more ndimear than the curve allows, or because it is random.
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1.2 Tensile capacity (athe nail) g ([kN]

The tensile capacityO ranges from 1.23 [kKN] (d=2.1 mm) and 35.5 [kN] (d=6 nAwogordingto the
hereunderchart,the relation between tensile capacit@®and the diameteiQof the nail is obvious and
seems linear.
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Graph3

It is possible to epress thigensile capacityOas a stres¥}, with equatian 1-3. and compare it with
the tensile strength of wiréQ (seeGraph4). It seemdhat there isagainno relationship.
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1.3 Yield moment! , [kNm]

As expectedGraph5 shows thatyield momentd anddiameterQfit quite well. Howeversome data
seemto be outside the trend (highlighted in redjhrey are summarized iTable4. It is important to
notice that for these data, mtensile tests were grformed.
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Graphb
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Table4 ¢ Data outside the trend

d [mm] My [KNm] d [mm] My [KNm
4 154 5.1 37.25
4 15.4 5.1 36.98
4 15.7 5.1 37.05
4 15.5 5.1 36.97
4 14.8 5.1 36.4
4 18.2 5.1 39.38
4 18.3 5.1 39
4 18.5 5.1 39.23
4 18.2 5.1 39.45
4 18.7 5.1 39.44
4.2 18.5 5.1 37.2
4.2 18.67 5.1 36.6
4.2 18.17 5.1 37.7
4.2 18.75 5.1 37.2
4.2 17.83 5.1 36.2
4.2 19.3 5.1 37.7
4.2 20.7 5.1 35.3
4.2 21.3 5.1 34.3
4.2 20.7 5.1 36
4.2 21.7 5.1 35
4.2 19.8 5.1 37
4.2 20 5.1 36.5
4.2 18.8 5.1 35.5
4.2 19 5.1 37.67
4.2 18.8 5.1 37.83

We can find two relationshs from two different sourceshat define the yield momenaccording to
other parameters

0 In Eurocodé (equation 8.14jor round smoothnails:
b ; moQhQ 14
0 Inmechanics

00 L5

The yield strengtfiQis not calculated and consequently, we will @ it by thetensile strength of
wire "Q. Another assumption is tihave only use mean value\s a result, equation&-4 and 1-5
becomes
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Graph 6 shows the ratio 0 70 and 0 70 (0 is the Yield mmment coming from the

expaimental tests). The safe arémhighlighted is green. The two distributions are quite different for
small diametes but are closer for large diametefespeciallyQ 1 a & andQ ¢ a & 8ltis

interesting to notice that 70

O My/M_Mec
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1.4 My, fu, Ft + GeometnyM ® ®
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Graph6

gives a lot a results in the unsafe area for small diansetenails.

[ GOCOIKDD O

With the software SA$datistical analysis softwaje we try in thissectionto find relationshis
between the following parameters:

= =4 =4 =4 -8 -8 -9

DiameterQ[mm] (diameter given by industry)

Nominal diameteiQ [mm] (diameterafter measuremeny
Inner diameterQ [mm]

Outer diameterQ [mm]

Tensile strength of wird& [MPa]

Tensile capacityof the nail)’O[kN]

Four g¢ress forms of theéensile capacityMPa]:

o O 0 . 0 .
9 5o s g fo
T T T

Yield moment) [kNm]
10
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We calculatanean values foifQand"O (and consequently foi}, , '@, ,"Q, and™Q, ). Two type of
regressios are explored:

f Linear regressioth ©® @
 Linear regression with logarithmic transformatidn€d 1 o 1 ©

1.4.1 Linear regressios: o 4
The heeunder table showR2values The highest values are highlighted in réd. expected, we find
strong links between the different types of diameters, yield moment and tensile capacity.

Table5 - R2 forLinear regressioa=hx+c

0.960| 0.002| 0.005| O 0.006
0.955| 0.002| 0.011| 0.001| 0.009
0.933| 0.003| 0.014 | 0.009| 0.007
0.956| 0.003| 0.011| O 0.018
0.943| 0.004| 0.012| O 0.014
0.227| 0.042| 0.069 | 0.014| 0.045

Table6 gives theR2value forthe relatiorship betweend 7'Q (0 T'Q ) andthe different types of
diameters.The values are high but can be improved

Table6 - R? for Linear regressi@bx+c

Q Q Q Q
0 TQ 0.882 0.887 0.843 0.895

i 7o | ocer MRS

1.4.2 Linear regressionvith logarithmic transformationsm =|= L -H- e m=: Jllf
It seems relevant to approache followingrelationship

1o 1Tlhoo Tlwod Agdo 1-9
Table7 givesR2valuesbut for the logarithm of the variablélhe highest values are highlighted in red.

Table7- R? forlinearregressiorof the logarithm Ina=In (b) x+In (c) or a=exp(¢) b

T |1l (11 |11 ITQ (1 1To |11 (1T |17 |ITg
1 1Q 0.986 | 0.968 | 0.982 | 0.941 | 0.289| 0.911 | 0.005 | 0.002 | 0.011 | 0.003
1 1Q 0.979 | 0.984 | 0.926 | 0.011| 0.903 | 0.006 0 0.006 | 0.002
[ 0.959 | 0.894 | 0.263| 0.869 | 0.002 0 0 0.001
| 0.912 | 0.294| 0.881 | 0.002 0 0.005 0
I 0.260| 0.940 | 0.045 | 0.034 | 0.061 | 0.041
| 0.204 | 0.08 0.052 | 0.005 | 0.029

Table8 gives theR2values for the relationship betweerv 7'Q (0 7'Q ) andthe different types of
diameters.The most relevant relationship involwthe same parametershanthe ones given by &5
and ishighlighted in red.

11



Table8 - R2 forlinearregressiorof the logarithm In a=In (b) x+In (c) or a=expfc) b

Q Q Q Q
0 TQ 0.937 0.928 0.887 0.911

i 7o | oss RIS

Graph7 shows thatl T— fit quite well with1 TQ. Considering thatQ "G , We obtain the

following regression

0 T®eR° G o
The equatioril-11 seems close to equatioh7 (given by mechanigs
4.50
4.00

3.50 |

y = 3.0187%1.8203 .-
a

3.00
2.50

2.00

. 8
1.00
.l
B

In(M,[Nm/f,, rnean[MPal)

0.50
0.00

0.00 0.20 0.40 0.60 '0.8! 1.00 1.20 1.40 1.60 1.80 2.00

-0.50
In(d[mm])

Graph7

Another analysis isnade with characteristic valsecalculated in each reporfwith a lognormal
distribution):

R L 111

Wherel 10 is the mean,, the standard deviatiorand "Qa coefficient that depenslon the

fixed probability (here, 5% and @ p&® J. We obtain a similar regression than before as showed in
Graph8. The equation bthe regression is similar equation1-11:

b p ™ WS 112

12
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Graph8

2 Axially loaded connections

The value of thexal strength of connections with nails is defined as follow@sE

Table9 - Axially loaded connections i€k

|

Figure6 - Axially loaded connectioris

1.8

Nails

Other nail§ EC5 equation 8.23

Smooth round nails (EC5 equatio24.

- QR

h NHQ0 0
- QR

n Q 0O

3 Source « Timber @nnections», Ad Leijten

http://eurocodes.jrc.ec.europa.eu/doc/WS2008/EN1995 5 Leijten.pdf
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Qi and’Q  are respectivelyithdrawal drength andhead pulithroughstrength and arelefined
in Tablel0.

Tablel0- Withdrawal strength and head puthrough strengthin EC 5

Nails

Smooth round nails (EC5 equatior2®26) with an| "Qy ¢m p m”
efficient length higher thap & Q oy xXmpm”

Other nails (EC5 equat 8.14) By testing in accordanceithh EN 1382, EN
1383 and EN 14358.

In this sectionwe will see if it is possible to calculater threated nails’O , "Q and™Q  from
geometrcal parameters and wood densignd have an equation similar to equation 826 in
Eurocode 5.

2.1 Withdrawal strength
Graph9 shows therelationship between the axial force and the shear atea ( Q). Itseems linear

(it not surprisingif ©  increases]O increases) buRz2is not so high because tife scattering of the
data.

9
8
(9
7 (9
y = 0.0098x + 0.226® 8
=6 R2 = 0.6699

Axial force E [KN
N w S )]

[Eny

0 100 200 300 400 500 600
Shear area (dyt,) [mm?]

Graph9

However,Graph9is notvery relevanbecausen important parameteis missing: the density of the
wood. It could be interesting to see if a relationship similar to equaitiofiable10 can be found for
non-smoothednail. NonethelessGraph10 shows that withdrawal teength"Q doesy Qi F A
density” .

14
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500

y =0.0337%2.0029
R2=0.0715

600

A similar analysisthan for the yield moment in sectiofi.4 was led in order to show if it exists a
relationship ketweenvariousgeometricalparametersthat can influence the axiatrength However,
the calculation of théR2R 2 S & y @nire idfdrrzafion than beforeHighest values are highlighted in

red.

Tablell- R2 for Linear regregona=bx+c

” 0 Q Q Q Q Q Q a 0
0.471 0.472 0.458 0.472 0.235 0.375| 0.118
0.487 0.487 0.470 0.488 0.256 0.374| 0.145
0.038 0.033 0.035 0.032 0.006 0.001| 0.020
0.033 0.029 0.033 0.028 0.002 0.001| 0.008
Tablel2 - R? forlinearregressiorof the logarithm In a=In (b) x+In (c) or a=exp{c) b
[ ¢ 1o |11 |1 [TQ |1 Q |[lia |11
1 To 0.018 | 0.653 | 0.493 | 0.499 | 0.484 | 0499 0.182 0'5’5 0.331
O 0.35
—_— 0.517 | 0.519 | 0.500 | 0.521 0.200 5 0.154
0.030 | 0.024 | 0.027 | 0.024 0 0 0.012
0.026 | 0.022 | 0.025 | 0.02 0.001 0 0.003
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