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ABSTRACT

Building codes related with performar-based
aseismic design contain some performance goals
levels to increase the resistance of the strudtutbe
earthquake effect. In the finite element nonlin—

pushover analysis a@étic hinge formation is one of t|
essential data analyzed by researchers to dissin
the location of the building where larger poten
damage may happen. If the number of plastic hil
in the structure is increased, the total capaditthe
strucure will increase proportionally. On this point
view reaching the maximum number of plastic hin
must be added as the new performance goal or tie'
the performancéased aseismic design codes, wi
will dial to the highest ultimate load of theucture.
In this arrangement, a number of (n+1) plastic &i
can be formed to achieve the complete collapse
known (n)th hyperstatic plane frame system. °
paper presents an assessment of the ase
performance of structure based on adding to
existing mentioned methods a new performance (
On example of fivestory plane frame system bas
on FEMA 440 methods, assessment results ind
that with decreasing the stiffness of the beamtbe
above stories the number of plastic hinges incd,

and the total capacity of the frame was increase(
7.41, and 7.87%, respectively.

KEY WORDS: Performance-Based Aseismic Design,
Plastic hinges, Pushover Analysis, Plane Frame.

1. INTRODUCTION

Generally, in displacement-basedr force-based
methods of seismic design codésis presumed th
the structure enters the inelastic phase to dissijpa
seismic energy to bear the lateral seismic load®
attain the performance objectives. In this case,
residual deformations due to ineladtehavior, whict
are considered as “damages”, would depend or

number and layout of the seismic load resis
members and the magnitude of seismic load. T
damages would remain in structure in the form:
story difts or members’ deformatior[1].

In the capacity design, it is aimed to allow damtg
the buildings in severe earthquakes, to deternhie
distribution of this damage by the designer anthke
measuresThese precautions are provided by duc
power consumption before brittpower consumption
in the loadbearing system and elemer
determination of the places where damages will 0
(such as joint and single load areas) and incrgdbi
ductility in the designated places. Along with
ductile behavior, plastic deforman has been
accepted in the design. The type and location edd
damages are the most im@ant elements of capaci
design [2, 3].

Figure 1 clearly shows that the displacement baty
the stories is different. One of the most impor
points to beconsidered during the design is that
stiffness distributions of the beams are done ctig
[2, 3].

Figure 1displacement of structure due to lateral Ic

On the basis of the method of displacements of
finite element method, {F} is the known externabex
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force, {U} is the node displacements of the syst

and [K] is the structure stiffness matrix. Tt
[K{U}={F}

So,

KI=(FYU} @)

(1)

As can be seen here, the stiffness is invel
proportional to displacemenn other words, the les
the displacement, the greater gtéfness. Therefore
higher rigidity beams should be designed on thesk
floors where there is little displacem. In this
arrangement, the rigidity of the beams can be e
to the horizontal displacement of the building e
length from the lowestories upwards, and a numl
of (n+l) plastic hinge can be formed to achieve
complete collapse of a known {hyperstatic systen
By reaching this situation, theoretically, the sture
has the highest ultimate load. Otherwise, the gira
collapses with fewer plastic hinges and less
Certainly, other methods also may be developec
achievements new performance goal (reaching
maximum number of plastic hinges), which may
subject of research in the future.

Zeris and Repapis [4fidied the seismic performan
of existing RC buildings designed to different
and concluded that buildings of the 90s, desigme
modern codes exhibit an exceptionally g«
performance. Turker and Gunggb] studied the
Seismic performance of low dnmediun-rise RC
buildings with wide-beam and ribbestab, The result
indicated that the predicted seismic performail
were achieved for the low-rise §ery) building with
the high ductility requirements and addition

sufficient amount of shear-walts the system prove
to be efficient way of providing the tarc
performance of structure. Inel and Mg[6] evaluated
seismic performance of existing low and -rise

reinforced concrete buildings by comparing ti
displacement capacities and displaent demands
under selected ground motions experienced in Tu
as well as demand spectrum provided in 2007 Tui
Earthquake. The results show that the signifi
number of pre-modern code 4- andtéry buildings
exceeds LS performance level while modern code
4- and 7story buildings have better performanc
The findings obviously indicate the existence

destructive earthquakes especially f- and 7-story
buildings.  Significant improvements in t
performance of the buildings per modern code

also obvious in the study. Almost one third of -

modern code buildings is exceeding LS level du

records in the past earthquakes. Shoeibi ef[7]
studied the performance for structures with stmad!
fuse system Analyses results showed that in mael
earthquake hazard level, only fuse members yie
and other structural members remained el

As seen in the above studies, the literature not
offer a study in performance of reinforced conc
structures by changing the stiffness of beamsthg
aim of this study is to understand the effect
changing in beam stiffness in above stories totlye
maximum bearing capacity of the frai

2. PerformanceBased seismic desig

2.1 The PerformanceBased Design Proce
Performancdsased design starts with selecting de:
criteria articulated through one or more perfornee
objectives. Each performance objective is a state
of the acceptable ris&f incurring different levels c
damage and the consequential losses that occu
result of this damage. Losses can be associatdr
structural or nonstructural damage, and can
expressed in the form of casualties, direct econu
costs, and loss o$ervice cos. Figure 2 shows a
flowchart which presents the key steps in
performancebased design proce [5].

Deveiop rreiiminary

Mﬁes Peﬁormance\\ ves [ i
- a DONE

Design and/or § iMeet S
Objectives Objectives?

Figure 2 Performanckased design floidiagram [8].

[
|
|

2.2 Nonlinear Static Procedure:

In Nonlinear Static Procedure, the basic demand
capacity parameter for the analysis is the laf
displacement of the building. The generation ¢
capacity curve (base shear vs roof displacer
Figure 4 defines the capacity of the building uniqt
for an assumed force distribution and displacer
pattern. It is independent of any specific seis
shaking demand and replaces the base shear ca
of conventional design procedures. If the builc
displaces laterally, its response must lie on
capacity curve. A point on the curve defines a Hige
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damage state for the structure, since the defoom
for all components can be related to the gl
displacement of the structure. By correlating
capacity curve to the seismic demand gene by a
specific earthquake or grounshaking intensity, .
point can be found on the capacity curve
estimates the maximumisplacement of the buildir
the earthquake will cause. This defines
performance pointor target displacement. TI
location of this performance point relative to t
performancelevels defined by the capacity cur
indicates whether or not the performance objeds
met. Thus, for the Nonlinear Static Procedure, a s
pushover analysis is performed using a nonli
analysisprogram for an increasing monotonic late
load pattern [9,3]An alternative is to perform a st
by step analysis using a linegrogrammini with
composing FEM [3].

3. Example
A five-story concrete building has been designed

considered as the study building (figi3a and 6b).

The total height of the building is 15 m with a itad
story height of 3 m.

B1 B1 B1 |

C1 c1 c1 c1/3.00m
B1 B1 B1

C1 Cc1 C1 c1 m
B1 B1 B1

c1 c1 c1 c1/3.00m
B1 B1 B1

C1 Cc1 c1 c1 m
B1 B1 B1

c1 c1 C1 C1(3.00m

——5.00 m 500m 5.00 m—
a) Model 1

B& B6 B6

Cc1 Cc1 c1 c1(3.00m
B5 B5 B5

o C1 c1 Cc1/3.00 m
B4 B4 B4

C1 Cc1 C1 c1(3.00m
B3 B3 B3

Cc1 C1 C1 c1(3.00m
B2 B2 B2

C1 C1 C1 C1]3.00 m

+——5.00 m 5.00 m 5.00 m—
b) Model 2

Figure 3mode 1 frame (a); model 2 frame

C25 concrete and steel of yield stress = 4200 k2
(grade 60) was used. Thee load and finishing loa
used in this study are 2 KN? and 1.5 KN/m,
respectively. According to the earthquake map el
Republic of Turkey, Zone 3 and ZC soil type |
been selected.

Tables 1 show the details of the study fran
considered in this study. In order to study the@fbf
beam stiffness configurations, the sections of rools
kept the same in all frames. In model 1 the b
stiffness was kept constant ai stories but in model 2
the stiffness of the beams was reduced in the a
stories.

Table 1 Crossectional dimension and reinforcen

Cl 40 40 8916

Bl 40 55 | 3¢ 14 top and bottom
B2 40 75 | 3¢ 14 top and bottom
B3 40 65 | 3¢ 14 top and bottom
B4 40 60 | 3¢ 14 top and bottom
B5 40 55 | 3¢ 14 top and bottom
B6 40 50 3 ¢ 14 topand

bottom

3.1 Selecting performance leve

Life safety performance level has been selectedig
study and themaximum total drift for life safet
performance level was observed as 2

3.2 Calculating Base Shea

The base shear force had been defined in Sap20
using UBC97 and the sanic zone 3 and type of si
ZC.

3.3 Model Acceptance Criterie

The nonlinear (IMB) plastic hinge properties used
the studied frame members was selected accordi
FEMA 356 Table (6¢) for beams and Table-8) for
columns.

4. Results and Discussion:

4.1 Plastic Hinge Formatior

Figure 4shows the hinge formation of the fixed be
stiffness (model 1) (a) and variable beam stiffr
(model 2) (b). As expected, for the model 2 frathe,
number of hinges occurred is more than that ocdt
in the model 1 frame. Tabsummarized the plastic
hinges formed in the beams and columns of moc
and 2.
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S -

as L
b) Model 2
Figure 4 HingeSeverity Legen

Table2. Framekinge cour
Performance Level
B- 10- LS- C-
IO LS CP D
11f 9 5 1

19, 3 12

Total

hinge

count
35

39

Frame

type

model 1

(@)

model 2

4.2 Performance Point Results

Performance points assessed based on IFEMA
440 DisplacementModification, and FEMA 44(
Equivalent Linearization methodthe results indicat
that with decreasing the stiffness of the beambe
above stories thperformance point base shear of
frame enhanced by 7.41, and R&#espectivel

Table 3Performance Point Rest

Method model 1 model 2 D_ifference
V(KN) V(KN) inV (%)

FEMA 440

Equivalent | 262.467| 283.146 7.87

Linearization

FEMA 440

Displacement 266.579| 286.348 7.41

odification

Conclusion

In the finite element nonline—pushover analysis
plastic hinge formation is one of the essentiala:
analyzed by researchers to distinguish the locatic
the building where larger potenticdamage may
happen. If the number of plastic hinges in
structure is increased, the total capacity of
structure will increase proportionally. On this ipoof
view reaching the maximum number of plastic hin
must be added as a new performance or level to
the performancéased aseismic design codes, wt
will dial to the highest ultimate load of the stuie.
In this arrangement, a number n+1) plastic hinge
can be formed to achieve the complete collapse
known (n§" hyperstatic plane rame system. For
achievements, new performanceal in presented
research suggested by the reducing stiffness o
beams in the above stories based on in\
proportionality of the stiffness ([t ={F{U} ™) to the
displacement of the frame syst:

On example of fivestory moment resisting plai

frame system the following conclusions can be dt

» From the nonlinear static plover analysis it has
found that most number of hinges occur
variable beam stiffness compare to fixed b
stiffness confjurations. So in order to get mc
ductile frame it is recommender to reduce
stiffness of beams in upper stor

» Based on FEMA 440aiivalentlinearization, and
FEMA 440 dsplacementmodification methods,
assessment results indicate that with decre:
the stiffness of the beams at the above storie
number of plastic hinges increased, and the
capacity of frame enhanced [7.41, and 7.87%,
respectively.

Certainly, other methods also mae developed for
achievements new performance ¢ reaching the
maximum number of plastic hinges, which may
subject of research in the futt
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