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Use of component method in the analysis of timber-steel connections

The use of component method for determining the moment resistance of an innovative
beam-to-beam timber-steel connection is presented in the paper. The calculation of
resistance of steel components is conducted based on EN 1993-1-8. The resistance
of timber components is determined according to EN 1995-1-1, and based on the full-
scale laboratory experiments and the finite element modelling results. The developed
moment resistance calculation model, based on the component method, is well in line
with the full-scale experimental and finite element modelling results.
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Pregledni rad
Alfonsas Danilnas, Tomas Gecys

Primjena metode komponenata u proracunu drveno-celi¢nog prikljucka

U radu je predstavljena metoda komponenata za odredivanje otpornosti na savijanje
uinovativnom drveno-Celicnom priklju¢ku greda-greda. Proracun otpornosti Celi¢nih
elemenata priklju¢ka proveden je u skladu s normama EN 1993-1-8. Otpornosti
pojedinih drvenih elemenata odredene su prema normi EN 1995-1-1, a temelje se
na laboratorijskim ispitivanjima uzoraka stvarne veli¢ine i rezultatima modeliranja
konacnim elementima. Razvijeni model proracuna otpornosti na savijanje, prema
metodi komponenata, dobro se podudara s rezultatima ispitivanja uzoraka stvarne
veli¢ine i modeliranja konacnim elementima.

Klju€ne rijeci:

priklju¢ak drvo-celik, otpornost na savijanje prikljucka, metoda komponenata

Ubersichtsarbeit
Alfonsas Daniunas, Tomas Gecys

Anwendung der Komponentenmethode bei der Analyse von Holz-Stahl-
Verbindungen

In dieser Arbeit wird die Anwendung der Komponentenmethode zur Ermittlung des
Biegewiderstandes bei innovativen Holz-Stahl-Verbindungen zwischen Balkentragern
vorgestellt. Der Widerstand von Stahlelementen wird gemdl? Normen EN 1993-1-8
berechnet. Fiir einzelne Holzelemente wird der Widerstand auf Laborpriifungen von Proben
in OriginalgroBe und den Resultaten von Finite-Elemente-Modellen beruhend nach Norm
1995-1-1 ermittelt. Das entwickelte Model zur Berechnung des Biegewiderstandes, das auf
der Komponentenmethode basiert, stimmt gut mit den Resultaten der Untersuchungen an
Proben in OriginalgroBRe und an Finite-Elemente-Modellen uberein.

Schliisselworter:

Holz-Stahl-Verbindungen, Biegewiderstand von Verbindungen, Komponentenmethode
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1. Introduction

Considerable economic benefits can be gained by accurate design
of joints as cross-section dimensions of the entire element are
mostly determined by the structure of the joint. The joint moment
resistance can be determined using various methods such as
experimental investigations and finite element modelling, or
using mechanical methods, such as the component method. The
moment resistance is investigated widely, for example, based
on full-scale experiments for large-screw bolts [1, 2], glued-in
rods [3, £], and dowel-type fasteners [5, 6]. The finite element
modelling is implemented to define moment resistance of the
timber-steel joint with glued-in rods [4, 7], and also for the
moment resistance of the joint presented in this paper [8]. These
methods can be used to derive equations for some engineering
calculation methods, such as the mechanical component method.
The component method ranks among the methods that are most
commonly used for determining the moment resistance and
rotational stiffness of joints. This method is implemented in the
European steel design code [9], which is widely used for the steel
beam-to-beam or beam-to-column joints [10, 11]. No methods
are currently provided in European timber structure design
codes that can explain how to apply the component method for
determining the moment resistance of combined timber - steel
joints.

The implementation of the component method for the timber-
steel joint under study is shown in this paper. The moment
resistance calculation model presented for the timber-steel joint
is an extended form of joint calculations for steel structures. The
developed moment resistance calculation model is well in line
with full-scale experimental investigations, as shown in previous
publications presented by the authors [12-14].

2. Description of timber-steel joint

The component method is implemented for the beam-to-beam
timber-steel joint, as shown in Figure 1. A detailed description
of the presented timber-steel joint is given in the previous
publication [12].
The design moment resistance M, of the presented beam-to-
beam joint depends on bearing capacities of several components.
The bearing capacity of the weakest component provided in Figure
2 determines the moment resistance of the joint. While making
a mechanical model of the joint, bearing capacities of the joint
steel part components are determined according to the equations
presented in the European steel design code [9]. Some equations,
presented in the above mentioned code [9], have been improved
to describe interaction between the timber and steel parts of the
joint. Timber part bearing capacities are determined according to
the Eurocode 5 [15]. Active components of the joint determine the
moment resistance of the joint shown in Figure 2:
- End-plate bending in tension zone (epb) of the joint;
- Bolt tension (bt);
- Tension of longitudinal steel plate in the tension zone of the joint
(spt);

- Bending of the tension back T-shaped anchoring steel plate (ep?);

- Tension of timber in the tension zone of the joint (t?);

- Timber shear in the tension zone of the joint (ts);

- Compression of longitudinal steel plate in the compressive
zone of the joint (spd);

- Bending of compression back T-shaped anchoring steel plate (epc).

Figure 1. Detailing of timber beam-to-beam joint: 1-glued laminated
timber element; 2-steel part of joint; 3-blots for timber
clamping in tension zone of the joint; 4-steel bolts; 5-filler
between timber and steel
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Figure 2. Active components of the joint
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3. Moment resistance of joint defined according
to component method

As mentioned in the previous section, the moment resistance
consists of active timber and steel components, which are listed
in the previous section. The bearing capacity of the weakest
component determines the moment resistance of the joint.
The design moment resistance of the beam-to-beam joint is
determined by a well-known classical equation taken from joint
mechanics:

Mj,Rd = zhrFtr,Rd (1)
r=1

In Equation 1: F ., - effective design tension resistance of
bolt-row r; h_- distance from the bolt row r to the centre of
compression; r — bolt row number; n - total number of tension
boltrows. The distance h is assumed to be the distance between
the tension bolt row rand the centre of the compressive part of
the joint. The distribution of compressive normal stresses in the
compressive part of the joint, shown in Figure 3, is assumed to
be triangular. The depicted assumption is in good harmony with

the finite element modelling results of the joint.
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Figure 3. Distance from the tension bolt row r to the centre of compression

The effective design bolt-row rresistance F, ., which determines

the moment resistance of the joint, must be taken as the

minimum component tension resistance value from the following
active components:

- design resistance of the longitudinal steel plate compression
in compressive zone of the joint (F . );

- design compression resistance of a T-shaped back pate,
including the timber embedding compression in compression
zone of the joint(F, . );

- design resistance of a bending T-stub flange in tension zone
of the joint (F_, . );

- design resistance of the tension steel plate in tension zone
of the joint (F_, . );

- design shear resistance of a timber element in tension zone
of the joint (F,_, )

- design compression resistance of a T-shaped back plate
including timber embedding compression in tension zone of
the joint (F,,, . );

- design tension resistance at the remaining cross-section of

the timber element (F,, . ).

- The design tension resistance of the joint when one tension
bolt row is determined:

Fl,Rd = min{Fepc,Rd;Fspc,Rd;Fepb,Rd;Fspt,Rd;Fept,Rd;Fls,Rd;Ftt,Rd} (2)

When there is more than one tension bolt row in tension zone of

the joint, the effective design resistance F,_,, for each bolt-row

should be determined in sequence, starting from the bolt row

1 (the bolt-row farthest from the centre of compression), then

progressing to the bolt row 2 [9], as shown in Figure 4. When

determining the value of F ., for the bolt row r the effective
design tension resistance of all other bolt rows closer to the
centre of compression should be ignored [10]. The following

indices are used in Figure 4:

(@) - design tension resistance of the 1 bolt row, farthest
from the centre of compression, analysed as a separate
bolt row;

(b) - design tension resistance of the 2™ bolt-row analysed
as a separate bolt-row;

(a+b) - designtension resistance of the 15tand 2™ bolt rows, where

these bolt-rows are analysed as a part of the bolt group.
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Figure 4. Moment resistance determination scheme: tension

resistance of the 1 bolt row (above) and tension resistance
of 2" bolt row as a separate row, and as part of a bolt row
group (below)

The design tension resistance of the first bolt row (farthest
from the centre of compression) is determined according to the
following equation:

Ft1,Rd = mln{Fepc.Rd;Fspc,Rd;Fepb,Rd(1);FspI,Rd(1);FepI,Rd;Fts,Rd;Ftt,Rd} (3)

The design tension resistance of the second bolt row analysed
as a separate bolt-row and as a part of bolt-row group with the
first bolt-row, is determined according to the equation below:

F

t2,Rd

. Fepc,Rd - Ft1,Rd;Fspc,Rd - Ft’l,Rd;Fepb.Rd(Z);Fepb.Rd(2+1) - I:l1,Rcl;
=min (4)

Footrs = Fiiras Feptra = Ferras Fisra = Fivrai Fiers = Fiara
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If joints are analysed with more than two bolt rows in tension
zone of the joint, the design tension resistance of the / bolt-
row is determined as a minimum value from equations:

F

epc,Rd

M

i1
Ft/ Rd‘Fspc Rd Z iR spl Rd z,:tj,Rd;
E . = =
tiRa = MIN i i » (5)
F, FI/Rd Fera — Z ra+ Fitra Z 4.Rd
=] =]

ept,Rd
J=

) t.t1) Z ng} (6)

Fti,Rd = mln{,:epb Rd(i)? Fepb Rd(i+(i-1) ~ ,:t(i—1)‘Rd;""Fepb Rd (i-+(i—

i
Fu,Rd = min{Fspz,Rd(f);Fspt,Rd(n(f—w)) _Ft(f—w),Rd;'"'Fspl R (i+(i=1)+...+1) = f/Rd} (7)
The design resistance equations of the above mentioned
components will be discussed below.
The design compressive resistance of the longitudinal steel
plate F_ ., shownin Figure 1 (position 2) in compressive zone of
the joint, is calculated as a minimum value determined from the
compressed plate and column web in transverse compression,
according to [S], Equation 6.9.
The design resistance of a bending T-stub flange in tension zone
of the joint £, ,,is determined according to [9], Table 6.2. There
are3 dlfferent failure modes of a T-stub flange: complete yield
of the flange, bolt failure with yield of the flange, and bolt failure.
The minimum bearing capacity of these modes should be taken.
The design tension resistance of the longitudinal plate of the
steel detail F. iRt provided in Figure 1, position 2, is determined
as the minimum value of the column web in tension according
to [9], 6.2.6.3. The tension design resistance is obtained for
individual bolt rows, and for a bolt-row group. The effective
width bemwb of the tension steel plate is taken to be equal to the
equivalent T-stub representing the end-plate in bending.
The design compression resistance of a T-stub pate, including
the timber embedding compression in compression zone of the
joint F__.. is determined by transforming the equation 6.4 [S]

pe R
into a form suitable for timber material:

codb frjeff (8)

In equation (8): f,,, is the design compressive strength of
timber material; b, and /. are the effective width and length
of the T-stub flange, as determined according to Figure 5. The
additional bearing width c is determined according to Equation
6.5 [9] by replacing the design bearing strength of the joint f
with the design compressive timber strength f_ .

The design compression resistance of a T-stub, including the
embedding compression in tension zone of the joint £ ., has an
analogous determination as for F_ ., subtracting the thickness
of the longitudinal groove ¢ from the effective width b, .

Shear stresses in the timber element distribute unevenly along
the height of the anchoring steel detail, as shown in Figure 6.
The design shear resistance of the timber element is determined
from the following equation:

epc Rd

Fts Rd 2thvad mean (9)
In equation (9) the mean design timber shear strength value is
determined as follows:

f ,(h—h,
fv.d,mean = M (1 O)

h
According to hacked joint methods given in [16], the timber
shear strength f, value may be used in calculations when the
condition 200 mm < L < 8b is satisfied. The value b_is the width
of the timber compression part as shown in Figure 6. When the
shear plane length is more than L >8b, the uneven distribution
of shear stresses along the length should be evaluated.
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Figure 5. The effective width and length of the T-stub flange: side
view of the joint (above); view from above (below)
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Figure 6. Uneven shear stress distribution in timber shear area

4. Numerical example of moment resistance
calculation as per component method

Momentresistance calculations, based ontheabove described
component method, are presented. As mentioned in the
section 3, there are 7 different timber and steel components
that determine the moment resistance of the entire joint.
Calculations are conducted using actual timber and steel
strength values as determined during the experimental
investigation [12-14]. The timber and steel properties are
summarized in Table 1. Physical and mechanical properties
of timber are determined according to EN408:2010. These
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values are mean experimental values based on the total Three joints with the same geometrical parameters, as shownin
of 15 specimens that were used for the determination of Figure 7, were experimentally tested according to the previous
material properties after the main experiment presented in publication [12]: J-1-CEM, J-2-CEM and J-3-CEM. The failure

the previous paper [12]. mode of all experimentally tested joints was timber shear,
while the full shear block was split off in tension zone of the
Table 1. Timber and steel properties joint [12]. The analysed joint was also investigated using the

finite element modelling methods. The finite element modelling
results of the analysed joint shown in Figure 7 are presented in
E, = 11586 [N/mm?] E = 210000 [N/mm?] previous papers [8].

Component method theoretical, experimental and finite element
modellingresults, in terms of momentresistance, are summarised
f =3.49 [N/mm?] R in Table 2. The mean value of the experimentally determined
: moment resistance M , as presented in the previous publication
[12], is given in Table 2. The component method calculation
results are in good correspondence with the finite element
modelling and experimental results. The differences between
component method calculations and finite element modelling or
experimental results are in the range of 5.1 %.

In Table 2, M, is the moment resistance determined using
the theoretical component method, as provided for in section
3. M, is the moment resistance, determined using the finite
element model [8]. M, is the experimental moment resistance
determined by the laboratory experiments, as presented in the
previous publication [12].

The parametric study changing the end-plate thickness of the
T-shaped back plate is presented further down in this section.
The end-plate of the base model joint, shown in Figure 7,
is 20 mm in thickness. The step of the end-plate thickness

Timber Steel

f o (o) = 64.2 [N/mm?] f, =275 [N/mm?]

Figure 7. Dimensions of analysed timber-steel joint reduction is 2.0 mm, until the thickness is reduced to10 mm.
Then the theoretical and finite element modelling results will
Table 2. Moment resistances of joint show that the moment resistance is caused by another failure
mode rather than by timber shear. The theoretical calculation
Determination method Moment resistance [kNm] . . . .
and finite element modelling results are summarized in Table
" 54.50 3. The summarized results show good correlation between
the component method calculations and the finite element
M, e 55.75 modelling results. Changing the T-shaped end-plate thickness,
M 5723 the failure mode of the joint changes from brittle, caused by
e timber shear (F,_. ), to ductile, caused by yield of the steel detail

ts,Rd

Table 3. Moment resistances for different T-shaped end-plate thicknesses

Uit | e wm Py
20 54.50 Fiora 55.75 Fira
18 54.50 Frorg 55.82 Frore
16 54.50 Frorg 55.91 Frore
14 54.50 Fira 55.97 Fira
12 48.62 Fopera 50.60 Fopera
10 38.88 L 42.31 Feptre
Fopea™ the design resistance of a T-shaped back plate, including timber embedding compression in tension zone of the joint
F..n, - the design shear resistance of a timber element in tension zone of the joint

GRADEVINAR 67 (2015) 11, 1087-1092 1091
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(Fepw). When the end-plate thickness is 12 mm and less, the
moment resistance of the joint is determined by the steel detail
yield (Fepm). In this case, the developed component method,
validated with the finite element modelling results, shows the
possibility for designing the joint, in such a way that the failure
of the entire joint is controlled by steel yielding rather than by
timber shear.

5. Conclusion

The component method is used for calculating bending
resistance of the timber-steel beam-to-beam joints based
on an extension to the component method provided for steel
structures joints according to EN1993-1-8. The calculation
model developed using the component method corresponds
well with the experimental and finite element modelling results.
Main conclusions are given below as follows:
- The component method was implemented for the first time
for this type of timber-steel beam-to-beam joint moment

REFERENCES

[11  Komatsu, K., Nakashima, Sh., Kitamori, A.: Development of ductile
moment-resisting joint based on a new idea for glulam portal
frame structures, in Proceedings of the 12 World Conference on
Timber Engineering - WCTE 2012, Auckland, New Zealand, 5-19
July 2012.

[2]  Komatsu, K., Akagi, M., Kawai, Ch. et al.: Improved column-beam
joint in glulam semi-rigid portal frame, in Proceedings of the 10%
World Conference on Timber Engineering - WCTE 2008, Miyazaki,
Japan, 2-5 June 2008.

[3] Wakashima, Y., Okura, K., Kyotani, K.: Development of ductile semi-
rigid joints with lagscrewbolts and glued-in rods, in Proceedings
of the 11" World Conference on Timber Engineering - WCTE 2010,
Trentino, Italy, 20-24 June 2010.

[4]  Vasek, M., Wyhnalek, R.: Timber semi rigid frame with glued—in—
rods joints, in Proceedings of the 9" World Conference on Timber
Engineering - WCTE 2006, Portland, Oregon State, USA, 6-10
August, 2006.

[51 Awaludin A., Smittakorn, W.: Flexural resistance of steel to
wood connection with various multiple-bolt configurations, in
Proceedings of the 17% KKCNN Symposium on Civil Engineering,
Ayutthaya, Thailand, pp. 321-326, 2004,

[6] Awaludin, A, Smittakorn, W., Hayashikawa, T., Hirai, T.. M-theta
curve of timber connection with various bolt arrangements under
monotonic loading, Journal of Structural Engineering, vol. 53/A, pp.
853-862, 2007.

[71 Vasek, M. Semi rigid timber frame and space structure
connections by glued-in rods, in Proceedings of the 10 World
Conference on Timber Engineering - WCTE 2010, Miyazaki, Japan,
2-5June 2010.

[8] Gecys, T, Danitnas, A., Bader, T. K., Wagner, L., Eberhardsteiner,
J.: 3D finite element analysis and experimental investigations
of a new type of timber beam-to-beam connection, Engineering
Structures, vol. 86, pp. 134-145,2015., http:/dx.doi.org/10.1016/j.
engstruct.2014.12.037

resistance calculations. The resistance of steel components
was determined on the basis of equations provided in
EN1993-1-8. The resistance of timber elements was
determined according to EN1995-1-1.

- The component method calculations are in good agreement
with the full-scale experimental and finite element modelling
results.

- The presented component method resistance calculation
model shows that the joint can be designed in such a way
that the joint failure causes steel plate yielding because of
bending, rather than due to timber shear in tension zone of
the joint.

- The design compression resistance of a T-shaped back plate,
including timber embedding compression in tension zone of
the joint (F,, ). can be calculated as the design compression
resistance of a T-stub flange (F,) assuming that the
design bearing strength of the joint is equal to the timber
compressive strength (f_ ). This was proven by the finite
element modelling results.

[S] EN 1993-1-8 Eurocode 3: Design of steel structures-Part 1-8:
Design of joints, European Committee for Standardisation, 2005.

[10] Danilnas, A., Urbonas, K.: Analysis of the steel frames with semi-
rigid beam-to-beam and beam-to-column knee joints under
bending and axial forces, Engineering Structures, vol. 30, pp. 3114~
3118, 2008., http:/dx.doi.org/10.1016/j.engstruct.2008.04.027

[11] Danitnas, A., Urbonas, K.: A.: Influence of the semi-rigid bolted
joints on the frame behaviour, Journal of Civil Engineering and
Management, vo. 16, pp. 237-241, 2010.

[12] Gecys, T, Danitnas, A.: Experimental investigation of glued
laminated timber beam to beam connections filled with cement
based filler, in Proceedings of 11" International Conference on
Modern Building Materials, Structures and Techniques-MBMST,
Vilnius, Lithuania 16-17 May, 2013., http:/dx.doi.org/10.1016/j.
proeng.2013.04.043

[13] Gecys, T., Danitnas, A., Gurksnys, K., Rasiulis, K.: Experimental
investigation of glued laminated timber beam-to-beam
connection, Engineering Structures and Technologies, vol. 5, pp. 11-
19, 2013, http:/dx.doi.org/10.3846/2029882X.2013.777018

[14] Getys, T, Danitnas, A.: Experimental investigation of glued
laminated timber beam to beam connections, European
International Journal of Science and Technology, vol. 3, pp. 239-251,
2014,

[15] EN 1995-1-1 Eurocode 5: Design of timber structures-Part
1-1: General-Common rules and rules for buildings, European
Committee for Standardisation, 2004.

[16] DIN 1052 Entwurf, Berechnung und Bemessung von
Holzbauwerken-Allgemeine Bemessungsregeln und
Bemessungsregeln fur den Hochbau (Design of timber structures-
General rules and rules for buildings), 2008.

1092

GRADEVINAR 67 (2015) 11, 1087-1092



