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Abstract:-

passive control methods
can be used to construct safe
buildings against earthquake
and increase resistance of
these buildings. Braces are the
most common method for
controlling displacements in
steel structures; braces are
both concentric and eccentric.
Concentric braces have high
stiffness and low ductility, while
eccentric braces have initial
stiffress and  proportional
ductility. In eccentric braces,
link beam is an area under
plastic = deformation  which
leads to earthquake energy
absorption. These beams are
either horizontal as a part of
story beam or vertical located
between story beam and two
braces[1]. This study tends to
evaluate effective parameters
on seismic performance of
eccentric braced frames (V-
EBF) based on variations in
performance point by using
DRAIN-2DX. For this purpose,
72 frames with different link
lengths, span lengths, and
stories were considered.

Keywords: vertical link,
nonlinear static analysis, target
displacement, capacity
spectrum method.

BRI JEAREEWREY:

Aaglin 53455 U5V Lo Bl e oL
o Soell Lo g Y1 L il U oda
o LY o SL 3591 G
£ orn L gas 0555 1y ¢ ol 539!
o153 e S ety (6052
Aaite Byd 385 Wle Ly 4 )52
Lnay 31 B ol 531 e Ly
G Ll b s L1 iS5
OW & RS W R P
A DU jarE Sxadl oyl
oo e b (Al Ll oAl oda 045
O U gas eniog o2 5l (B V1 plas
S O L ipenn sl g Ao Y i e
Yaddl Skl o 92 Ll o0 oo
V-) s bl B 1191 G
ek 3 ol i) Lalps e ol (EBF
.DRAIN-2DX gel 2 plsealy 1591
(AR BS - RTE IRWA [PRUFR 25
I ebly itz LU bl L)

coladall e sde g bl
(3 gl Loy 1 1 o Ll LIS

s3] b b Sl Jlovl
| Cib &y b (!

No. 66

1 adad)

Part: 2 ISSN 1997-6208 Print Y. ;3:.4‘

[The Islamic University College Journal

ISSN 2664 - 4355 Online

YRR PS T L YOR{ [ SNP= [, XPOA J




Evaluation of Effective Parameters on Performance of Frames (163)

Introduction

In designing buildings in earthquake-prone areas, it is essential to
consider two criteria:

a) Sufficient stiffness and resistance in the structure to control
lateral displacement and prevent destruction of structural and
non-structural members under moderate to small earthquake

b) Sufficient ductility and energy absorption capacity in the
structure to prevent collapse of the structure under a severe
earthquake

EBFs not only provide the considered stiffness, but also they
have high ductility and energy absorption capability. There are two
types of EBFs; frames with horizontal link (H-EBF) and frames with
vertical link (V-EBF). Since total energy of these frames is absorbed
by link beam, V-EBFs are preferred over H-EBFs, because link beam
of H-EBF is a part of story beam which experiences plastic
deformations during an earthquake; therefore, it is required to
replace the story beam after an earthquake, which is difficult and
impractical. In V-EBF systems, however, link beam is out of the story
beam between story beam and two braces; therefore, it can be
replaced easily after an earthquake. Figure 1 shows position of
vertical link beam in EBFs.

Ji

Figure 1: position of vertical link beam

Many studies have been conducted on vertical shear links. Vetr
and Boukamp examined V-EBFs [2]. Bruneau and Zahrai improved
seismic performance of bridges by using shear panel system (SPS).
They modelled a single span bridge and a three-span bridge by using
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ADINA and DRAIN-2DX and tended to improve these bridges by
using TADAS, SPS and EBF systems [3].

Bruneau and Sarraf performed tests for improving resistance of
bridges by using vertical shear links. In designing SPS, they tended
to have lower SPS yield resistance than capacity of other structural
elements in order to dissipate energy by yielding the element.
Stiffness of elements should not be too low, because this leads to
large lateral displacement in the structure and may cause damages
to non-ductile elements. Moreover, very highly stiff SPS increases
the need for ductility [4]. Ghobarah and Abou Elfath (2001) studied
seismic performance of non-ductile concrete structures reinforced by
divergent steel bracing with vertical link [5]. Shayanfar, Rezaeian and
Taherkhani studied seismic behavior of divergent braced frames with
vertical link pairs [6].

Link Length

Link beam length is one of the important parameters in design of
vertical shear links (VSLs). To cause hinge rupture in shear before
bending, hinge length is limited to [6]:

e£1.6h (1

Vo )
where, Yr~is plastic moment capacity of the beam section and
Vwis plastic shear capacity of the beam section. However, Vetr and

Baukamp suggested following relation as a conservative relation for
the case where moment is equal at two ends of the link beam [2].

e£1.4h (2

VPL )

Angle of rotation for link beams shorter than equation (1) is
suggested at 0.08 radian [7].

Energy dissipation capacity, yield mechanism and collapse all
greatly depend on link length. For short link beams, shear yield is the
governing behavior, while bending yield is deterministic in long link
beams.

Link beam is generally under high shear force along and
considerable bending moment at the end. As shown by shear and
bending distribution in vertical shear hinge (Figure 2), moment is not
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equal at two ends; proportional to rotational stiffness of the beam or
braces, upper moment is more than lower moment.

/ '
Figure 2: shear and bending distribution in V-EBF [1]

Plastic shear force (Vp) and plastic bending moment (M;) of link
beam can be calculated by [7]:
(2

Vp=0.6F,(d -2, )

(3

»=Z.F, )

where, t; denotes flange thickness, t, denotes web thickness, Z
denotes plastic link section, d represents total height of the section
and Fy is the link yield stress.

Stiffness, resistance and energy dissipation capacity of long link
beams under severe periodic loads are not comparable to short link
beams.

The Studied Models and Their Modeling

A regular plan, as shown in Figure 3, was chosen for the
considered frames. Four spans were braced in each direction. The
selected frames were side frames. In these frames, the stories were
3 m in height. The frames had 3, 6, 9 and 12 stories. There were 3
spans (3, 4 and 5 m in width). For better understanding of results,
behavior of the frames used in models was completely shear or
bending. For this purpose, 6 link lengths were used of which four (20,
40, 30 and 50 cm) had shear behavior and two others (160 and 170
cm) had bending behavior. ETABS V9.5 was used to design frames.
Simple column-beam connections were considered for the frames.
Structures were loaded based on the Iran National Building
Regulations [8]. Earthquake force was based on equivalent static
method of the Iran Seismic Design Code (the Standard2800) [9]. The
studied structures were residential and located in a relatively high-
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risk area. The ground was type Il. Three numbers were used for
naming the frames. The first number from the left indicates the
number of stories. The second number from the left indicates length
of frame span. The last number indicates link length in meter. For
example, 6-3-0.4 is a 6-story frame with a 3-m span and 0.4 m link
length.

[ i
— — —
i

i
O IR

Figure 3: the plan used in calculations

For example, seismic calculations of a 3-story structure are
presented below.

W = 62402kg
H=9m

T=008H" _, T=0.415, [1=01 T,=05 s_15
Iy<T<Iy B=S+1 _ B=25

_ABI

c=222
R — C=0.125

V=CW — y-7800

Then, DRAIN-2DX was used for nonlinear analysis. Type 02
beam-column element was selected for elements of beam, column
and braces [10]. DRAIN-2DX lacks shear element; thus, many efforts
have been made to model link beam so that this member can have
shear behavior. To model link beam in V-EBFs, this study used the
method suggested by Ghobarah and Ramadan [11]. Ghobarah and
Ramadan tended to model link beam by an elastic beam with a
series of transitional springs at both ends using bilinear material
curve. These shear springs are located along the shear imposed on
the beam at two ends of the link beam which are bound to horizontal
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degree of freedom of primary and secondary nodes. Vertical degree
of freedom of primary and secondary nodes are assumed equal.

Shear force

R4V
Vi3 [remeesmamsnscnsasmsensussanasasy "

Vy2

Vyl [

Displacement
>

Figure 4: shear force-displacement curve for steel links

Y (4
K]V — G web f )
K, =0.03K, ) (5
K, =0.015K,, (6
)
K, =0.002K, (7
)

where, G denotes shear module of the section, e denotes link
length, and Ayep denotes web cross-section of vertical link.

Determining Performance Point
Performance Point

Performance point indicates a case where structural capacity and
seismic requirement are equal. Therefore, position of performance
point needs to meet two conditions. First, the point should fall on the
capacity curve to represent position of the structure in displacement;
second, this point should fall on the spectral requirement curve in
which nonlinear effects are shown and indicate nonlinear
requirement in identical structural displacement. Accordingly, the
best method to determine performance point is to intersect capacity
curve and requirement curve in which nonlinear effects are shown.

Capacity Curve
Capacity curve is obtained by pushover curve of the structure.
Displacement (Requirement) Curve
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The required displacement of the structure under the design risk-
level earthquake is obtained by using nonlinear time-history analysis.
Figure 5 shows capacity curve, bilinear capacity curve and the
reduced 2800 curve for the 6-story frame with 3 m span length and
0.4 m link length.

GsorL=3me=0 4m)

>

capacity curve
2800 curve
i 00 —

B 25 F A 3500

Sd{cm)

g

Figure 5: performance point calculation
Performance Level

FEMAS356 suggests three performance levels [13].
Immediate Occupancy

Immediate occupancy refers to a very limited structural damage
caused by earthquake.

Life Safety

Life safety refers to a major damage caused by earthquake to the
structure; however, this damage does not lead to fatality.

Collapse Prevention

Collapse prevention refers to a performance level in which it is
predicted that earthquake causes extensive damages to the
structure, while the building does not collapse and fatality is
minimized.

Since a certain performance level was not intended in this study,
various performance levels were considered for different parameters.
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Table 1: modeling parameters and acceptance criteria for nonlinear
procedures [13]

Table 5-6 Modeling Parameters and Acceptance Criteria for Nonlinear Procedures—Structural Steel
Components (continued)
Modeling Parameters Acceptance Criteria
Plastic Rotation Residual Plastic Rotation Angle, Radians
A Strength
Radians Ratio Primary Secondary
Component/Action a b c 10 LS CcP LS CP
EBF Link Beam'® '
1.6 Mp
a4 88 =N 0.15 017 08 0.005 on 0.14 0.14 016
Ver
e '(‘LCE Same as for beams
Ver
6 Mcp 2.6 M4
c v <e< V_ Linear interpolaton shall be used
CE CE
Curves

Figures 6 and 7 show diagrams related to variations in target
displacement (p.p) versus increase in link length for 6-story frames
with constant span length. In these figures, horizontal axis indicates
link length (cm) and vertical axis indicates displacement at different
performance levels and target displacement (cm). Figures 8 and 9
show effect of story height on target displacement (p.p) for frames
with constant link and span length. Figures 10 and 11 show effect of
increase in span length on target displacement of 6-story frames with
constant link length. It is noteworthy that only several diagrams are
presented in this section.
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Figure 6: 6-story frames with shear links
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Figure 7: 6-story frames with bending links
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Figure 8: frames with different stories and shear link and constant
span length
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Figure 9: frames with different stories and bending link and
constant span length
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Figure 10: 6-story frames with shear link and different span
lengths
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Figure 11: 6-story frames with bending link and different span
length
Conclusion
1. The increase in length of shear links increases target

displacement and performance point shifts to life safety. The
increase in length of bending links also increases target
displacement and weakens frame performance;

2. Shear link beams have stronger performance level than
bending link beams;

3. For shear links, the increase in the number of stories increases
target displacement and performance point shifts to life safety.
For bending links, this increases target displacement and
performance shifts to collapse prevention;
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4. The increase in the number of stories increases variations in
performance point of bending links compared to bending links
to the extent to which they do not show any performance;

5. The increase in span length reduces target displacement of
shear and bending links and performance point shifts to
immediate occupancy.
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