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PARAMETRIC STUDY OF COLD FORMED STEEL JOINTS USING
THE COMPONENT METHOD

Zs. Nagy & A. Ded
Technical University of Cluj-Napoca, EngineeringuStures Department, Romania

A. A. Muresan
Gordias SRL, Cluj-Napoca, Romania

ABSTRACT: In previous stuies, two types cjoints formed by bac-to-back col-formed C profiles as bea
and SHS profile as column were investigated expamially by subjecting them to monotonic and cyclic
loads. Using the experimental data, the Finite El@n(FE) models of the proposed joint configuradiarere
calibrated. The two joint typology performance vilasn evaluated analytically with the component roéth
following EN 1993-1-8 assisted by the calibrated rRBdels. The paper presents a parametric studiyeof t
joint’s performance using component method withhepose to assess its mechanical behavior faerdift
thicknesses and materials of the cold-formed Cilpsof

1 INTRODUCTION lag and bearing deformations around bolt holes. The
studies of Lim & Nethercot (2004), Yu et al (2005)
The cold-formed structural elements are widelyand Ho & Chung (2006) showed that in case of usual
used in civil engineering due to several advantagesold-formed steel sections, the bearing work ofsol
such as light weight, high material strength, econo associated with elastic-plastic elongation of bolt
ical manufacture, short erecting time and goodoles is the most important component which con-
strength-to-weight ratio. Thus, in the past yehesd trols the stiffness and the bearing capacity othsuc
has been an increased interest in researchingethe liype of joints, as observed from experimental tssul
havior of cold-formed profiles as load bearing stru and numerical simulations. The flanges in ten-
tural elements. The past studies focused on thle-bucsion/compression due to bending and the web in
ling behavior of cold-formed structural elementsl an shear due to transverse loading have a significantl
on the mechanical behavior and performance dbwer contribution to the joint’s stiffness and biag
cold-formed steel joints. Lee et al (2014) and Kemacapacity. In case of non-conventional joints, the
ra et al (2017) presented reviews on the current redentification of the relevant components is difific
search of different types of cold-formed steel {®in Therefore, Finite Element Analysis (FEA) based on
and their performance. Nagy et al (2006), Lim &calibrated models may be an alternative to develop
Nethercot (2004), Chung & Lau (1999) and Ozturkanalytical solutions with the component method, de-
& Pul (2015) demonstrated that bolted joints indeol scribed in Eurocode 3 (EN 1993-1-8), even though
formed steel portal frames have, in most of thegas the cold-formed steel joints are not covered by it.
semi-rigid behavior. Lim & Nethercot (2003) and The following paper presents a parametric study
Wong & Chung (2002) also showed that semi-rigidon two types of beam-to-column joints consisting in
bolted joints are partially resistant. back-to-back cold-formed C profiles for beams and
Besides the bearing effect (i.e. bolt hole elongaSHS-sections for columns using component method.
tion), an important contribution to the global flex The analyzed configurations are Diaphragm Connec-
bility of the joints is the deformation induced thhe  tion for Beam to Column joint (DCBC) and Hollo
local buckling or distortion of the thin-walled pro Bolts for Beam to Column joint (HBBC). The pur-
files. The premature local buckling of the cold-pose of the study is to assess the mechanical behav
formed profile can cause the failure of the joteeif ior of the proposed joint configurations in case of
well below the expected load bearing capacity é& th different thicknesses and materials of the cold-
joint is unwisely configured. Dundu & Kemp (2006) formed C profiles.
observed that in case of back-to-back bolted connec The back-to-back C profiles beams to SHS col-
tions, when the bolts are installed only on the wkeb umn joints were initially studied experimentally by
the cold-formed steel sections, the local buckbeg Nagy et al. (2017) where the joints were testeceund
comes more critical from stress concentrationsaishe monotonic and cyclic loading. Then Nagy et al.



(2018a) investigated the proposed beam-to-columapper and lower flanges of the C-profiles. Thefstif
joint with Finite Element Method (FEM) and the eners have the thickness 8 mm. Each T-stub is fixed
models were calibrated with the experimental dat&o the column by four M20 hollo bolts, to the beam’
previously determined. Finally, the componentflange by four M20 10.9 grade bolts and to the
method was applied in Nagy et al. (2018b) for thebeam’s web by one M20 10.9 grade bolt.

analytical evaluation of the proposed joint confagu
tion’s performance. In case of joints with cold-
formed elements, component method was applie
assisted by FEA where the identification of compo-
nents was performed with calibrated models.

2 THE CONFIGURATION OF THE BEAM-TO-
COLUMN JOINT

In the following study, two joint configurations
went through a parametric study using the compao
nent method described in Eurocode 3 (EN 1998-1
8). The joint configurations were as follows: (ijab _
phragm Connection for Beam to Column joint Figure 2. The Hollo Bolts for Beam to Column JqiHBBC).
(DCBC) and (ii) Hollo Bolts for Beam to Column

joint (HBBC). The following paragraphs describe
the two joint configurations. 3 THE COMPONENT METHOD

_ _ The component method is a general design meth-
2.1 Diaphragm Connection for Beam to Column  od for joints in steel structures and is implemerite
Joint (DCBC) Eurocode 3, part 1-8 (EN 1993-1-8). The method

The DCBC joint (see Figure 1) consists in two colg-consists in the representation of the joint b_yrmim:
formed C-section profiles having the size C 300/glumber of components and the evaluation of the
and a column having the cross section gHdorce-displacement relationship of each component.
200/12,5. The two members are connected by twdn€ components which partially represent the joint
welded flange diaphragms having the thickness 18€havior due to a single action are assembled ac-
mm, thus the name “diaphragm connection”. Eacisording to the distribution of the internal forces

diaphragm is fixed to the beam’s flange by four M20Within the joint. o ,
10.9 grade bolts. The component method consists in the following

steps (Jaspart, 2000): (i) the identification @& Ht-
tive components of the joint, (ii) the evaluatioh o
the mechanical properties of individual components
(i.e. bearing capacity and stiffness) and (iii) tse
sembly of the components for the evaluation of the
bearing capacity and stiffness of the whole joint.

The component method was applied to the DCBC
and HBBC joints in previous studies (Nagy et al,
2006, 2018b). In the case of cold-formed connec-
tions, the identification of the active components
was based on experimental studies (Nagy et al,
2017) and on calibrated FEM models (Nagy et al,
2018a).

For the DCBC configuration, the following active
Figure 1. The Diaphragm Connection for Beam to @wiu components ,fo,r the det_erm'_n,atlon of the_ bearing ca-
Joint (DCBC). pacity of the joint were identified, according tagdy

et al (2018a): (i) bracket in tension/compressiap,
i bracket in bearing (i.e. bolt hole elongation)j) (ii
2.2 Hollo Bolts for Beam to Column Joint (HBBC) pgjts in shear, (iv) cold-formed C profiles in biegr

The HBBC joint (see Figure 2) also consists inand (v) cold-formed C profiles in ten-
two cold-formed C300/3 profiles and a column withsion/compression. The active components used to
the cross section SHS 200/12.5. Unlike the previougetermine the stiffness of the joint in case of [CB
joint configuration, the HBBC has two T-stubs with configuration are: (i) bolts in shear, (i) boltsbear-
the thickness 10 mm with stiffeners placed at the




ing on the cold-formed C profile, (iii) bolts in&e  sistant momenMc rd and the initial rotational stiff-

ing on the bracket and (iv) lower bracket in begdin nessS;ni of the two proposed joint configurations
were determined. The parametric study consisted in
two steps: (i) in the first step, the thickness #mel

et sk O steel grade of the C profiles were modified anyl (ii
TP’L_ T HRNSRNEM in the second step, the thickness and the stedégra
P o of the C profiles and the diameter and the stesd@r
e of the bolts were modified. The rest of the compo-
GININSIN nents remained unchanged.
o b s The thickness of the C profiles ranged between
= M 1.5 mmand3 mm The chosen steel grades were, ac-
i kero kuw Kot cording to EN 10326 (2004): S 220 GD, S 250 GD,
— *ﬁfj”}“"“‘**“ S 280 GD, S 320 GD and S 350 GD. The diameter
T e of the bolts was as follows: M12 (i.82 mn), M16
A\ N (i.e. 16 mn), M18 (i.e. 18 mm and M20 (i.e.20
Y\ Lower bracket MMM mm). The steel grades of the bolts ranged between

4.6 and 10.9 according to EN 1993-1-8 (2003), Sec-
_ _ _ tion 3.1.1., Table 3.1.
Figure 3. The active components of the DCBC johady et The following paragraphs present the results of
al, 2018b). the parametric study for each type of joint.

After the parametric study, the design moment re-
istanceMc rd and the initial rotational stiffnes$ini
etermined from component method with mechani-

cal properties from experimental data and the desig
moment resistanc®cra and the initial rotational

In case of HBBC joint, some of the identified ac-
tive components were similar to the DCBC joint an
the other part consisted in components specifibéo
HBBC. The identified active components specific to
HBBC configuration used to evaluate the joint'Sgittnesss i determined with mechanical properties
bearing capacity are, according to Nagy et

. . h rom Eurocode 3 were compared for each type of
ﬁ?ﬁ?@nég ﬁHbSer?gilggq?ii\S/eh%IIIr(]) T)T)?tairﬁ 'Eg)nss;;r? dCOI'joint. The mechanical properties of the beam from

) bracket | o/ . h . the experimental data were as follows: the yielding
(iv) bracket in tension/compression. The activegyess wag=507 N/mm and the ultimate stress was
components specific to HBBC configuration for the

. S o . fu=577 N/mn. These values were determined from
evaluation of the joint’s stiffness are: (i) hobolt in __coupon tests performed on the sample. The diameter
bf the bolts used in the experiment was M20, while
their steel grade was 10.9 according to EN 1993-1-8
Mamely the yielding stress of the bolts wWias900

N/mnt and the ultimate stress of the bolts was
fu=1000 N/mm. The initial rotational stiffness re-
sulted from the component method with experi-
mental data is: (i) for the DCBC joint is

and tension (i.e. chord face failure), (iii) hobolt in
shear, (iv) hollo bolt in bearing on the SHS colum
and (v) hollo bolt in bearing on the bracket.

e | L : S,ini=2279.77 kNm/racand (ii) for the HBBC joint is
- == ; S,ini=2127.02 kNm/radThe moment resistance is, in
T M % both casedMic r#120.87 kNmbecause according to
0 Nagy et al (2018b), failure occurs in the back-to-
i back C profile beam.
s i The differences between the results are also pre-
S *7‘l}bﬂhwhm sented in the following paragraphs.

= ‘Cemerof

| compression 1
Center of P

compression 2

4.1 Parametric study of the DCBC joint

Figure 5 presents the initial rotational stiffness
Fi 4. The acti ts of the HBBC o ¢ Sini and Figure 6 present_s_the deS|gn moment re-
all,ngJ(r)ele). & aciive components o1 The jolviady & sistanceMc,rq0f the DCBC joint depending on the C
profile’s thickness and on the steel's yielding
strengthfy. According to Figure 5 and Figure 6, as
4 THE PARAMETRIC STUDY the thickness of the C profile and the yielding
strengthfy increase, the initial rotational stiffness
The parametric study was performed with theSini and the design moment resistafdera also
component method for the DCBC and the HBBCNCrease.
joints. In the component method analysis, the re-
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Figure 7. The initial rotational stiffne&in of the DCBC joint

Figure 5. The initial rotational stiffne&in of the DCBC joint depending on the bolt's diameter and steel grade.

depending on the C profile’s thickness and on thel's yield-
ing strengtH.
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Figure 8. The design moment resistafderq of the DCBC

joint depending on the bolt’'s diameter and steatigr
Figure 6. The design moment resistafderq of the DCBC

joint depending on the C profile’s thickness andtloa steel’s

int The results of the component method when the C
yielding strengtH.

profile was 3 mm thick, having S 350 GD steel grade
and M20 10.9 grade bolts was evaluated, yielding an
initial rotational stiffness 0§,ini= 2062.02 kNm/rad
bnd a design moment resistance M§r~83.44

In Figure 7 is presented the initial rotationaffsti
nessS,ini, While Figure 8 shows the design momen

resistanceVic rdof the DCBC joint depending on the | \m By comparing these results to the ones using

boIt’ls dia(;ne'ter and steel gradeﬁ i Fhl?j'c profile’'Sihe experimental data, we observed a difference of
steel grade is S 350 GD (i.e. the yielding strengtly 554 hetween the initial rotational stifiness esiy

fy=350 N/mm and the ultimate strength,=420 d 30.97 % bet the desi t resist
N/mnf) and the thickness of the profile ts3 mm an ' o between the designh moment resistances.

In Figure 7 and Figure 8 one can observe thateas th _ o
diameter and steel grade of the bolt increaseinthe 4.2 Parametric study of the HBBC joint

tial rotational stiffness and the design moment "eFigure 9 presents the initial rotational stiffn&s

sistance also increase. However, in Figure 8 the de g Figure 10 presents the design moment resistance
sign moment resistance has constant values for t .ra Of the HBBC joint depending on the C pro-

M20 bolt regardless of the steel grade used, alsge:s thickness and on the steel's yielding stitérfg
showing that the failure of the joint occurs in theSimiIarIy with the previous case, in Figure 9 and
cold-formed profile beam. In case of the M12 boltSgjg,re 10 one can observe that as the thickness of

according to Figure 8, the failure of the jointoce 0 - i -
; : profile and the yielding strendihincrease, the
in the bolts regardless of their steel grade. Rer t ;yiia| rotational stiffnessS;m and the design mo-

M16 and M18 bolts, starting from the bolt grade 4.6yt resistanchlc raalso increase. However, the in-

(i.e. vyielding strengthfyb:24Q N/mn, u_Iti_mate itial rotational stiffness of the HBBC joint hasaler
strengthfu,=400 N/mm), the failure of the joint oc- values than in the case of DCBC joint, as seen in

curs in the bolts, but as the bolt grade increabes, rjg,re 11. The holes for hollo bolts drilled in the

::glailure of the joint occurs in the cold-formed pro- gig column may contribute to the weakening of the
es. joint's stiffness.
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nessS,ni of the DCBC and, respectively of the HBBC for dif- Bolts Steel Grade

ferent cold-formed profile thicknesses.

Figure 12 presents the initial rotational stiffnesg '9uré 13. The design moment resistaMr, of the HBBC
S.ni, while Figure 13 shows the design moment reJ_0|nt depending on the bolt's diameter and steatigr
sistanceMc rq0f the HBBC joint depending on the . . .
bolt diameter and steel grade, if the C profilgaes  AS In the case of DCBC joint, for the comparison
grade is S 350 GD and the thicknes&=8 mm As w!th the resu!ts determln_ed from component method
in the previous case, in Figure 12 and Figure 18 on"/ith mechanical properties from experimental data,
can remark that as the diameter and steel gragieof 1€ C groflle Wét?/éogfg 9GD Zteil ?rade and tr('j'ct('

- o - : nesst=3 mman .9 grade bolts were used. In
bolt increase, the initial rotational stiffness aihe the case of HBBC joint. the initial rotational &tif
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