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ABSTRACT: In conventional seismic design methods the performance of structure has not been
considered in base shear estimation and structural drift, as a measure of damage, will be checked at the
end of design stages. This weakness of force-based design (FBD) methods causes special attention to
performance-based design. Performance-based plastic design (PBPD) is of performance-based design
(PBD) in which the desired damage level and plastic mechanism of the structure are predefined at the
beginning of the design procedure, to estimate internal forces. It is expected that applying PBPD ends
to a structural behavior with more compliance with the desired mechanism. In this paper, the priority of
PBPD over FBD has been investigated. The PBPD and FBD methods are applied to the design of four
special steel moment frames of 4, 8, 12, and 16 stories. The nonlinear behavior of designed structures
has been evaluated by push-over and nonlinear time history analysis. Analysis results show that the
PBPD frame has mechanism mode closer to assumed mechanism mode in the design procedure. Another
conclusion is that the PBPD frame mechanism in the push-over analysis is more ductile than the FBD
frame. Also, it concluded that in the PBPD frame, plastic hinges are approximately distributed uniformly
all over the structure. The general reason for PBPD ductility improvement, versus FBD, is the strength
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1. INTRODUCTION

There are many seismic design methods based on
the performance of structures such as the displacement
coeflicient method [1], the spectral capacity method [2], the
N2 method [3], the direct displacement-based method [4],
and the performance-based plastic method. In fact in each of
these methods a measure of damage is defined. Moreover, it
is expected that the damage level to be limited explicitly by
applying deformation limitations. The performance-based
plastic method is a direct design method in which evaluation
of deformation as a measure of damage is not required in the
last step of the design procedure, for the reason that it has
been considered explicitly for calculation of base shear [5].

Among the variations in performance-based design
methods, performance-based plastic design is one of the
newest seismic design methods introduced by Goel et al. [6,
7]. In this method, work-energy balance, plastic displacement,
and predicted yield mechanism are used to calculate the base
shear force of structures [8].

The main objectives of this research are to study the
principles of the performance-based plastic design method
(PBPD) and to compare the results of method PBPD with
force-based design (FBD). To accomplish the above objectives,
the design concepts of PBPD will be described. Then four
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assumed special moment frames of 4, 8, 12, and 16 floors were
designed by PBPD and FBD methods according to procedures
described in [9,10]. In the next step, nonlinear responses of
PBPD and FBD frames were evaluated by nonlinear static and
dynamic analysis. A comparison of nonlinear responses of
frames designed by two methods indicates that PBPD frames
nonlinear responses are closer to the desired performance
than the FBD method.

2. BASIC CONCEPTS IN PERFORMANCE-BASED
PLASTIC DESIGN

The performance-based plastic design steps are such that
the purpose of the intended operation is first to determine
the level of performance (target displacement) for a known
hazard level. In PBPD, two performance objectives are the
life safety performance for a medium-risk level (probability
of occurrence of 10% in 50 years) and the collapse prevention
performance for a high-risk level (probability of occurrence
of 2% in 50 years) [10]. Notably, the design objective may
differ according to the importance of structure. After that,
the fundamental period of the building and the spectral
acceleration of the design is determined by the existing
PBPD provisions [9]. In the next step, the base shear shall be
calculated by equivalency of the work required to uniformly
push the structure up to the target displacement, and the
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energy required to reach displacement of an equivalent
elastoplastic single degree of freedom system to that of
considered structure [11]. Then, obtained base shear shall be
distributed on the floor level laterally along with the height of
the building [12]. After that, it is time to choose the structural
system and determine the desirable yield mechanism. For
example, in moment frames, plastic joints should be formed
only at the two ends of the beam and the bottom of the base
columns. Also, the proper mechanism in other structural
systems takes place according to the distribution of structural
ductile members and components. In EBFs' plastic hinges
appear in link beams, in CBFs? it is desired to appear axial
hinges in brace members and STMFs® special. Finally, the
design of deformation control and force control members
shall be performed as the last stage of PBPD [13].

3. RESEARCH METHOD AND STUDIED MODELS

Four special moment-resistant steel frames of different
heights with 4, 8, 12, and 16 stories were studied. Models
consist of steel members with a yield stress of 2400 kg/cm?
are shown in Fig.1. The height of the stories is taken to be 3.2
meters and the frames consist of 3 spans of 4.5 m.

The dead load of all floors beam is assumed to be 24.52
KN/m and the live load of floors beams except the roof is
taken equal to 11.97 KN/m and the roof live loading is taken
4.79 KN/m. The validity of the nonlinear static procedure
is less than the nonlinear dynamic analysis, but it can
relatively give proper average information about priority,
distribution, and condition of hinges if there is no irregularity
in structure. To take into account the effect of higher modes
and irregularities, nonlinear dynamic analysis is inevitable. To
execute nonlinear dynamic analysis, a set of seven appropriate
earthquake records selected and scaled according to assumed
performance objectives. The results of both static and
dynamic methods are used to evaluate the nonlinear behavior
of frames.

4. CONCLUSION

Design results show that the weight of the PBPD frame,
in the same geometry and loading condition, is about 20~30
% more than FBD one. Moreover, the total Weight of beams
in both design methods is almost equal. Also, PBPD frame
columns weight is approximately 30~40 % more than FBD
one, which causes the PBPD frame to have more lateral initial
stiffness, ultimate strength, and ductility.

The ductility of PBPD in comparison to FBD makes to
have more lateral drift before the collapse, which enables the
frame to satisfy the assumed performance at the beginning
of the design procedure. Another word nonlinear push-over
analysis show that PBPD frames can withstand the lateral
deformation more than target displacement, while FBD
frames may not pass the deformation criteria in nonlinear
analysis.

1 Eccentric Braced Frames
2 Concentric Braced Frames
3 Special Truss Moment Frame
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Fig 1. The configuration of the moment steel frames studied.

Both nonlinear static pushover and nonlinear dynamic
time-history analysis show that distribution of hinges is more
uniform, throughout beams of a frame, in PBPD comparing
to FBD. Particularly creation of hinges in top stories could be
observed in PBPD frames more than FBD ones.

Nonlinear time-history analysis of frames against several
earthquake records show that average story residual drift
in PBPD frames is more than FBD ones, for predefined
earthquake level. It is an expected result based on the amount
and distribution of observed plastic hinges.

The formation of plastic hinges in the desired places
makes it possible for the PBPD frames to maintain their
stability along with more lateral drift to achieve more ductile
behavior. The reason for this appropriate behavior is that
the performance criteria, desirable mechanism, and target
displacement have been considered in the design procedure.
Also, due to the use of two performance objectives in base
shear evaluation, it can be considered a more reliable method
as a multi-performance objective approach. While, in the
conventional method, the base shear calculation is based on
the response spectrum and the expected performance is not a
predefined design parameter. Control of the displacement as
an indicator of the performance is done in the last stage of the
design process. In addition, the use of response modification
factor R for expressing nonlinear behavior is not accurate.

Finally, the results of this study show that the weakness of
the FBD method can be covered, to some extent, by applying
the PBPD method.
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Table 2. Ductility reduction coefficient and periodicity range
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Table 3. Relative lateral displacement ratios yield design
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Table 4. Design parameters to base shear estimates
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Fig. 4. Pre-selected yield mechanism of moment frame

9.15m

&

6 bays (¢

4 bays @ 9.15m

3 @ 3.96m
I¥slaid aw olaslo awasn b S
Fig. 5. Configuration of the three-story building

AW lal:u‘ ksii"l"‘"J ;b.>)...c [NE @L..: pf O ok =
el aS ams o las g ge 0 39290 @l L ETABS l8ls 5 b

el ylo a1 ojle o Slee 8,515 sl p 1, (SIS cds sle 5

FBD ¢ PBPD sl gy o>lsb guli (gdmslio -

s PBPD la (39, 4 00l (Byme o Joo (b 51 oy
D4 o0 dunlia o o] 5l Jol> s FBD

9 o9y 90 40 odwl Cawsds b B ol dwolie gl lol

390 slo OB a4 by e calites slasg p ;0 o] &l s soslive

oYy

h6
- -
-
LV e 4
- — P .
4 M, ¥ M,
h, o
N M, M,
7

o b 4o Sy Wl 5l ¥ S

Fig. 3. Soft story failure mechanism of the one-bay frame

P ey a5l 0 90 (pdes sl Cwglie ﬂiMpbs Mpb“5
ool JS8 pss a4 az g bl o 1515 50 5 55 u YL
&35 HgSs sk 4 &5 B layl bags oud ploxl IS ey

| )M KHIFRWS

[YY] ¥l o 5l onlinl b s g o>yl 0015 F
o3l 6l (5 g, Sm¥1 w5l ol b al 1o ol 4o

) o0 b

Tyl -0
bt Jolos bl sl ETABS l3dle 5 51 ey ol )
Sdley ol o o Sae Como Sbj )l el 00y8 )5 oslal
Py dly glaib an pied QB pletle Joe elul
s okl ol dily @ NS calons alol ity Jiles
ol olab g M asss .cwl 94UBC [Y0] s asl ol ol
ablie wile Glsr plo s oad asie & JS3 o olasle
ik o) Jb canlond lo [Y8] gz pe o awain 5 5 I35 L
Kgl oy ol sle;) o> o (psf 50) kPa 2.4

VAT,
BB o 338l el e imie Jals 1 SE g
& i, oad soliml 58l 5 5l ool b Ll 51 Jols b

AAAZARRR



OYYF U OV axéws Y- JL..J &y D)LM OY 0y9d x).:.aS).:.Al u‘)a& L;»A.Lg(c 4.3).“;

0.25 T

0.2

0.15

0.1

normalized base shear (V/W)

—— Gupta and Krawinkler, 1999
— € —present study

0 1 | | 1
0.02 0.03 0.04

0.05

0.06 0.07 0.08 0.09 0.1

Roof drift angle

Fig. 6. The capacity curves of the three-story building

0.28

0.26
024
02

02
0.18
016
0.14

VW

012

01
008
0.06
0.04
002

1 1
11 12 13 14 15 186 17 18 19 2 21 22 22

T(sec)

03Ls 39253 UFBD 5 PBPD (slo (o) o yb avly syt cml o oo il ¥ S
Fig. 7. Relationship between design base shear coefficients of PBPD and FBD methods with structure period

57 5 S (oS OB gllae 05l 1 Gl o |y ol e &S
slion 1 Satdly o 3 05,5 5l 3 S jsblas ) 0
e o] sleisl g8 40 a5 Cawloas ool W 15 s o3l ol o, Sles
b i 390 5 E309n (ol ATl 53 193,85 Smdly
slosliinl b (zren onl Jol aiil (9w Sl 4 jazie LS
LS sk @ a8 cunls sl (g (oo 8 Jguzr ;0 39290 @l
low el FBD o PBPD o5l JS' ()5 o glis | ol

28

093 4L Sl -V
apdy 55 oS laeadly aled GoiIST S o3l ol
GG Lol s s o &5 A3y o 05l sl e e Sl

oYY

ot g ¥ S canlllas

2 el st pi VS 5o 5 28, (oo sl AT jsbles
Wb G cepd oile (ol 0 n by el GlBIL (b, 90 50
PBPD (5, ;0 sy (hn curd nizpod 05 (o0l 205
o ol b oad el godge cpl il FBD g, 5l 55,5
5 N FLb 65 Sy Ced @ > 55 sl PBPD
D Jsiz 055 oo o 8l Syt sl ojlo (35 % e Ll
ams o ol 1, dbas oy

Ghgy ok (b ol JS (59w (o0 (LaS B Jeux
)|)JLA.AM&.»0}A ol as wsb o FBD 3l 55,5 PBPD
bl oo SO plp Loy s (9 S ) Sl o gt
Cow b 5w yw p FBD L PBPD  >1,b sose gl ams



FBD ¢ PBPD s igy s ouis &b o OB b Jow gl ol (339 O Jgu

Table 5. Structural weight of moment frame models designed by PBPD and FBD methods
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Table 7. Extracted accelerograms specifications
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Fig. 18. Comparison of plastic joints formed in frames designed by PBPD and FBD methods using the above accelerograms
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FBD frames
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