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(Technical note)
Abstract

The present contribution is focused on statical and kinematic components of seismic response of
multi-storey steel structures with semi-rigid beam-column connections. The dynamic model of these
structures is a system with finite degrees of freedom and concentrated masses at each level. The
degrees of freedom are expressed by the lateral level displacements. The semi-rigid behaviour of
the beam-column connection is considered cyclic and is asociated to an analytic model with four
parameters M-¢. The structure is subjected to seismic action Vrancea 1977. Analysis are the type
of time-history. The presented results refers to lateral level displacement and seismic base shear
force. The principal aim of this work is comparing the afferent parameters (statical and kinematic).

Rezumat

Prezenta contributie este focalizata asupra componentelor statice §i cinematice ale raspunsului
seismic a structurilor metalice multietajate cu conexuni semirigide rigla-stélp. Modelul dinamic al
acestor structuri este un sistem cu numarr finit de grade de libertate §i mase concentrate in dreptul
nivelelor. Gradele de libertate sunt deplasarile laterale de nivel. Comportarea semirigdda a
conexiunilor grinda stilp este considerata ciclica si li s-a asociat modelul analitic cu patru
parametrii M-6,. Structura este supusa actiunii seismice Vrancea 1977. Analizele sunt de tip time-
history. Rezultatele prezentate se refera la deplasarile laterale de nivel §i la forta tdietoare
seisimica de baza. Obiectivul principal al lucarii este compararea parametrilor (statici §i
cinematici) aferenti raspunsului seismic al structurilor cu conexiuni semirigide.

Keywords: Steel structures, seismic response, semirigid connections, analytical models,
mechanical models, multi-storey structures.

1. Introduction

These days, taking into consideration the flexibility of beam-column connection is a concept
developed by analytic point of view, based on a large set of experimental results and in the same
time broadly accepted by the professional community. The state of semirigid connection is
definitely determined by the design codes [1], [2] and unqguestionable regarding its accuracy of
modelling steel multi-storey structures. The base of semirigid behaviour of structure is the
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analytical model of bending moment-relative rotation M-4,. In computational practice of semirigid
structures several analytical models were imposed [3], [4], [5], as well mechanical models of beam-
column connection [6], [7], [8]. The actual tendencies in analysis of these types of structures focus
on three direction: refined modeling of semirigid connection zone [9], analytical modeling of
periodic behaviour of semirigid connection [10], [11], [12], study of the absorption capacity of
seismically inducing energy in the structure, conferred by pseudo-ductile behaviour of semirigid
connections.

This contribution fits in the direction of modeling and periodic behaviour of multi-storey steel
structures.

The aim of this work consist in comparative analysis of two components associated to seismic
response of semirigid structures: lateral level displacements and respectively seismic base shear
force. The lateral level displacement is a classical component of the seismic response and in the
same time represents the most used tool of expressing the effects of rigidity.

The increased lateral rigidity implicitly means small lateral displacements.

The seismic base shear force is an expressive component of the rigidity state; a high lateral rigidity
condition induces a great base shear force, so do the equivalent static level forces and lateral
displacements.

This is how the rigidity state conduces to contrary effects (expressed by seismic response
parameters). Emphasising these contrary effects aims this work. The analysed steel structures -plane
frames- are dimensioned in accordance with provisions of actual codes [13], so as the ultimate
bending capacity of connection ranges between 30% and 95% of bearing capacity of beam bending
in plastic domain. The seismic actions are constituted from registered earthquakes and scaled to the
peak value of ground acceleration ag= 0.2g. The analytical model of semirigid beam-column
connection used in analysis is based on the monotonous model with four parameters [5], (1):
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The monotonous relation M-6; is developed and after, in a cyclic model installed in the used
informatical product [14]. The global dynamic model of the analized structures is based on the
formulation of finite elements method and corresponds to the systems with concentrated masses and

finite degree of freedom.
The differential matrix equation associated with dynamic model is:

M =

1
=y, (1)

M-u(t)+C-u(t)+ R-u(t) =-m-ug (t) (2

where:

- M is the mass matrix (nxn),

- R is the rigidity matrix of the semirigid structure associated with those n degree
of | dynamic freedom,

- C is the damping matrix (nxn),

- m is the vector (nx1) of inertion defined by the relation m=M.l in which 1| is the
unit vector (nx1),

- U(t),u(t), u(t) are vectors (nx1) of lateral displacements, velocities and respectively

lateral accelerations, in each level, of concentrated masses,
- Ug (t) is the registered accelerogram of applied seismic action.

40



Mathe Aliz et al. / Acta Technica Napocensis: Civil Engineering & Architecture Vol. 60 No 2 (2017) 39-45

The damping model is a ‘proportional damping’, in which:
C=aM+ /R (3)

It was considered an inherent state of damping coresponding to critical damping fraction of 5%.
The analysis are conduced by the software Seismostruct [14]. The behaviour of structure,
inclusively the behaviour of semirigid connection, corresponds to elastic domain.

The obtained results includes specific parameters of dynamical behaviour of the structure (natural
periods and frequencies of vibration), static and kinematical parameters which characterise the
seismic response.

The dynamic model subjected to analysis is the one from the figure 1.
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Fig.1. Dynamic model

The results associated with semirigid structures are presented in a comparative way versus the
homologue results corresponding to the reference structure with rigid beam-column connection.

2. Structures, semirigid connections and seismic actions

The seismic analysis are conducted on a set of 3 plane frame multi-storey structures, each having 5
bays and 5, 9 and respectively 12 levels. The material used for the structures and semirigid
connections is S355 steel. For the structure with 5 levels (Fig.2), the beams are profiles of IPE 400,
respectively IPE500.

IPE4DC IPE4QO IPE4DG

50
pli]

HEBES0
HEBESO
HEBE

1
HEBLSO

[;430
HEBES0
HEB4S0
HEBES0

HEB500
HEBS00
HEB500

i
HEBSQ0

HEBS00
0
0

HEBS00

500
i}

3
3 HEBS00
HEB

3 HEBS00
El
3 HEBS00
|

Fig.2. Structure with 5 levels
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In this work the semirigid beam-column connection are considered ‘inferior angle+ superior
angle+web angle’ type. (Fig.3).
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Fig.3. Connection with inferior angle, superior angle and web angle

The semirigid beam-column connections are considered in 6 different initial connection rigidity
situations R, . The analytical model Richard & Abbot associated with monotonous behavior of rigid
connections implies the initial rigidity R.. In the performed analysis, the initial rigidity is

considered in 6 situations, referring to, continuously, node SR-1 up to node SR-6. The analytical
model parameters Richard & Abbot, for beam, IPE400, associates with mechanical model (Fig.3),
are presented in table 1.

Table 1
Nod Nod Nod Nod Nod Nod
SR-1 SR-2 SR-3 SR-4 SR-5 SR-6
Ri (kNm/rad) 40510 80690 121700 163800 208700 243500
My (KNm) 142 227 304 351 390 441
n 1,201 1,066 0,994 0,90 0,827 0,827

The treated seismic actions are the earthquakes Vrancea 77 (Fig.4), Northridge 94 and Kobe 95.

PSADT-001.01 ROMANLIA, VRANCEA, MARCH 04, 1977, INCERC -BUCHAREST, NS, im
] T T T T T T

e sesnnatangdal R T e B L LEECIE

=

: IEI Ll : : : . :

: . i [T H H § f H
L-‘WHHII'J(I l "TT'!JJ:‘“I' .'Jll_,q"ﬁ lI"II'JI.l,"I l'I|I ||L‘l'|'.-?.llr| ‘iiﬁ.‘fr r‘:'lh'iﬂ'\'ﬂ"‘rfu'r'ﬁ‘l W -»‘.'hr"fl Fover

AR : : : : :

5

| : : ; | | :
:'| : ; ; : : ;
T = | 1 1 1 1 1
1.

|
i) 5 ] 15 . 25 E' || A5 40

rhivien @

acceleratia. mis”

Fig.4. Accelerogram of Vrancea

In table 2 are presented the peak values of ground acceleration and the predominant
periods of those 3 seismic actions.
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Table 2
acceleration, a, (m/s?) | T, predominant period (s)
Kobe 1,962 0,16
Northridge 1,961 0,26
Vrancea 77 1,95 1,16

3. Numerical results

Further are presented the numerical results obtained for the structure with 5 levels (Fig.2) actioned
by the earthquake Vrancea 1977 (Fig.4). In the Figure 5 are given the structure’s dynamic
characteristics in those 6 situations of initial rigidity of semirigid connections, as in the case of
reference structure (rigid connection).
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The seismic response is represented by lateral displacements at the last level and by seismic base
shear force. For clarity, the results are presented separately for each situation of semirigidity versus
the homologue results obtained for reference structure (Fig.6).

0.25 0.15
02 — " (B —Nodrigid
o:i L}\‘ —Nod SR1-5Rg 005 L\T— —Nod SR2-10Rg
:E_ O-OZ PR /\R/f\\ A g— o v.awmw/r\\‘d(\ /\ A A A VA A
B ot T Y WA AN 5 2 TV [ A ) e
8 ™ AR \VARS! 8 oo V
% -0.15 § 01
e -0.2 \V{ 015 \
-0.25 0233 ) U-
-0.3 -0.2
Timp (s) Timp (s)
0.15 0.15
—Nod rigid —Nod rigid
01 [0.097] 01
oos AF —Nod SR3-15Rg — Nod SR4-20Rg
= ) T oo
E— o V.VAW&VAV/ N\/\ AP N A A E— / m A A /A "
= = PN A
F T AR 1§ e | e
- \F Qo 00 V—y
8 -0.1 g
-0.2 -0.15 -
Timp (s) Timp (s)

43



Mathe Aliz et al. / Acta Technica Napocensis: Civil Engineering & Architecture Vol. 60 No 2 (2017) 39-45

0.1 0.1

—Nod rigid —Nod rigid
008 j —Nod SR5-25Rg 005 j —Nod SR6-30Rg |
o AAACA m&\/\h\m IWNAW,\ AAAA mm/\l\(\//’\ I\«/\V/\/\
2

Bt e Wwaaad | s

Timp (s) Timp (s)

L

Deplasari (m)
Deplasari (m)

Fig.6. Comparison of displacements in case of accelerogram of Vrancea *77

The seismic base shear forces are presented in pairs for each case of semirigidity versus the seismic
base shear force associated to the reference structure (Fig.7).
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Fig.6. Comparison of total base shear force in case of Vrancea *77 accelerogram

4. Conclusion

The presented results state both through calculated absolute values and through comparison with
homologue results associated with structures of rigid connections - effect of the rigidity state on
seismic response. Lateral rigidity state is conferred the “semirigidity” of beam-column connections.
From the multitude of static and kinematical parameters through which seismic response is
expressed, there were selected two, namely: lateral level displacements and respectively, seismic
base shear forces. The contradictive results are induced by the rigidity state expressed in function of
those two parameters, which are presented graphically in a comparative, simple and direct way,
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regarding to the influence of semi-rigidity state on seismic response.
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