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Investigation of Performance Based Plastic Design Method

of Steel Moment Frames with RBS Connections
M.S. Abdolmohammadi, K. Shakeri

ABSTRACT

Earthquakes in recent years showed that design of structures using force method is not a reliable method for
design of structures against earthquake. Performance Based plastic Design is developed as a modern way in
seismic design of structures in order to refine the seismic performance of stable buildings faced to earthquake. In
this way use the balance of internal and external work to calculate the base shear. Also, this method provides a
new distribution of internal force that nonlinear effect of higher mods can be considered in the design of
structures. Select the target displacement and remove the undesirable mechanisms at the beginning of the design
process is another advantage of this method compared to the force method. This paper assesses the force and
performance based plastic design method for Special Moment Resisting Frames whit RBS connection. By this
point, four buildings with 4, 8, 12, 20 stories of Special Moment Resisting Frames Based on Iran Building
Regulations, and for the second time attempted to apply plastic design based on Performance based Design
method. Performance based Design Method was applied and Pushover Analysis on The Original Building
carried out. Performance and yielding mechanism of the buildings showed that both types of limit states satisfied
the Life Safety level, although under severe earthquake record satisfied Immediate Serviceability level.
Performance Based Design under stronger excitations reached for target point mechanism, but in the Force
Bas%d dDesign Method was observed that Performance Based Design is as beneficial as Force Based Design
Method.

KEYWORDS
Performance based plastic design, Special moment resisting frame, Nonlinear behavior, Pushover analysis
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o (A

8.50E+04
8.00E+04
7.50E+04
T.00E+D4
6.50E+04
6.00E+04
5.50E+04
5.00E+04
4.50E+04
4 00E+04
3.50E+04
3.00E+04
2.50E+04
2.00E+04
1.50E+04
1.00E+04

5.00E+03
-
1.00E-02
1.18E+00

o
DRIFT o

3.25E-02
1.85E+00

3.50E-02

3.75E-0

2.00E-02
1.31E+00

2.25E-02
1.36E+00

2.50E-02
1.43E+00

2.75E-02
1.50E+00

3.00E-02
1.57E+00

2.50E-03
1.00E+00

S.00E-03
1.06E+00

7.50E-03
1.14E+00

1.25E-02
1.23E+00

1.50E-02
1.26E+00

1.75E-02

Secant Period 1.28E+00
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2.50E+05
225E+05
2.00E+05
1.75E+05
1.50E+05
1.25E+05
1.00E+05
7 50E+D4
5.00E+04

2508404 \
"

o
DRFT 0 250E-03 5.00E-03 7.50E-03 1.00E-02 1.25E-02 1.50E-02 1.75E-02 2.00E-02 2.25E-02 2.50E-02 2.75E-02 3.00E-02 3.25E-0

Secant Period 1.45E+00 1.51E+00 1.66E+00 1.84E+00 Z.ME+D0 ZATED0 2.31E+00 2.45E+00 2.63E+00 2.80E+00 2.96E+00

e (Al

2.20E+05
2.00E+05
1.80E+05
1.80E+05
1.40E+05
1.20E+05
1.00E+05
8.D0E+04
6.00E+04
4.00E+04

2.00E+04 1

] . 5 =
DRIFT o 2.50E-03 5.00E-03 7.50E-03 1.00E-02 1.25E-02 1.50E-02 1.75E-02 2.00E-02 2.25E-02 2.50E-02 2.75E-0Z 3.00E-02 3.Z5E-02

Secant Period 2 30E+00 2.55E+00 2 8TE+00 3.08E+00 3 20E+00 3.31E+00 3 40E+00 3.53E+00 3 B6E+00 3.80E+00 3 94E+00
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1.25E+05

1.13E+05

1.00E+05

8.75E+04

7.50E+04

5.25E+04

5.00E+04

3.75E+04

2.50E+04

1.25E+04

'\ﬂ——_\“\_\_\_\—;

]

DRIFT 0 2.50E-03

1.45E+00

5.00E-03 1.25E-02
1.51E+00 2.01E+00

7.50E-03
1.66E+00

1.00E-02
1.84E+00

1.50E-02
2ATE-00

1.75E-02

Secant Period 2300

w3 (A
5.00E+04
S.50E+04
5.D0E+04
4.S0E+04
4.00E+04
3.50E+04
3.00E+04
2.50E+04
2 00E+04
1.50E+04
1.00E+04

5.00E+03

0

2.00E-02
2.46E+00

2.25E-02
2863E+00

2.50E-02
2.B0E+00

2.TSE-02
2.56E+00

3.00E-02 3.25E-0

DRIFT o 2.50E-03 5.00E-03 7.50E-03 1.00E-02 1.25E-02

3.20E+00

1.50E-02 1.75E-02

Secant Period 2.30E+00 2.59E+00 2.87E+00 3.06E+00 331E+00

3 Sk (o

3.40E+00

2.00E-0Z
3.53E+00

2.25E-

02

3.86E+00

2.50E-02 2.7SE-0Z 3.00E-02

3.25E-02

3.80E+00 3.94E-00
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4.25E-01

4.00E-01

3.75E-01

3.50E-01

3.25E-01

3.00E-01

2.75E-M1

2.50E-01

2.25E-01

2.00E-01

1.75E-01 - Y,
1.50E-01
1.28E-01
1.00E-01
7.50E-02
S5.00E-02

2.50E-02

0
DRIFT 0 2.50E-03 5.00E-03 7.50E-03 1.00E-02 1.25E-02 1.50E-02 1.75E-02 2.00E-02 2.25E-02 2.50E-02 275E-0z

Secant Period 2.02E+00 2.ME+00 2.25E+00 2.58E+00 2.86E+00 312E+00 3.36E+00 3.58E+00 3.62E+00 4.07E+00

o (A

2.75E+05
2 50E+05
2.256+05
2.00E+05
1 7EE+0E
1.50E+08
125405
1.00E+05

7.50E+04

5.00E+04 I

2 SDE+04 /
1 '—H_\ﬁ___‘

o -
DRIFT o 2. 50E-03 5.00E-03 7.50E-03 1.00E-02 1.25E-02 1.50E-02 1.75E-02 2.00E-02 2 25E-02 2.50E-02 2 75E-02 3.00E-02

Secant Period 3.19E+00 3 43E+00 3.84E+00 4 13E+00 4.36E+00 4 B5SE+00 4 98E+00 5 2TE+00 5.56E+00 5.84E+00 6.12E+00
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2.00E-01

1.80E-01

1.60E-01

1.40E-01

1.20E-01

1.00E-01

2.00E-02

6.00E-02

4.00E-02

2 00E-02

0

—

DRFT 0 2.50E-03 5.00E-03 7.50E-03
Secant Period 2 02E+00 2 1E+00 2 25E+00

6.00E+04

5.50E+04

5.00E+04

4.50E+04

4.00E+04

3.50E+04

3.00E+04

2.50E+04

2.00E+04

1.50E+04

1.00E+04 "

5.00E+03

0

'&\_\_ﬁ\_\_ﬁ\_\_ﬁ‘_*—u—

1.25E-02 1.50E-02 1.75E-02 2.00E-02 2.25E-02 2.50E-02 2.75E-0z
2.88E+D0 3.12E+00 3.38E+00 3.58E+00 3.82E+00 4.0TE+00

o (A

o

DRIFT 0 2.50E-03 5.00E-03 7.50E-03
Secant Period 3.19E+00 3.48E+00 3.84E+00

1.25E-02 1.50E-02 1.75E-02 2.00E-02 2.25E-02 2.50E-02 2.75E-02 3.00E-02
4.36E+00 4.85E+00 4.96E+00 5.27E+00 5.56E+00 5.84E+00 B.12E+00
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275E405
2.50E+05
2.25E+05
2.00E+05 ',—/_,’,_/«
1.75E+05
1.50E+05
1.25E+05
1.00E+05
T.50E+04
5.00E+04

2 50E+04

1}
DRFT 0 2.50E-03 5.00E-03 7.50E-03 1.00E-02 1.25E-02 1.50E-02 1.75E-02 2.00E-02 2.25E-02 2.50E-02 2.75E-02

Secant Period 2.80E+00 2.81E+00 3.05E+00 3.42E+00 3.77E+00 4.09E+00 4.39E+00 46TE+00 4.93E+00 5.18E+00

e (Al

2.50E+05
2.25E+05
2.00E+05
1.75E+05
1.50E+05
1.25E+05
1.00E+05
7.50E+04
5.00E+04

]

2 50E+D4

o - -
DRFT 0 2.50E-03 5.00E-03 7.50E-03 1.00E-02 1.25E-02 1.50E-02 1.75E-02 2.00E-02 2.256-02 2.50E-02

Secant Period 4 38E+00 4 §3E+00 5.57E+00 5.14E+00 B.97E+00 7.83E+00 8.73E+00 9 B7E+00 1.06E+01
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2.20E405
2.00E+05 ’//_/_/_/_/_/_,_/—"
1.80E+05
1.60E+05
1.40E+05
1.20E+05
1.00E+05
8.00E+04
6.00E+D4
4.00E+04

2.00E+D4

"—*——an—ﬁ\___\__
0
DRFT 0 2.50E-03 5.00E-03 7.50E-03 1.00E-02 1.25E-02 1.50E-02 1.75E-02 2.00E-02 2.25E-02 2.50E-02 2.75E-0z
Secant Period 2.30E+00 2.81E+00 3.05E+00 3.42E+00 3.77E+00 4.09E+00 4.39E+00 45TE+00 4.93E+00 5.18E+00

s (A
5.00E+04
S.50E+04
5.00E+04
4.S0E+04
4 DOE+04
3.50E+04
3.00E+04
2.50E+04
2.00E+04
1.50E+04

1.00E+04

5.00E+03 \‘
’\,7
0

DRIFT 0 2.50E-03 5.00E-03 7.50E-03 1.00E-02 1.25E-02 1.50E-02 1.75E-02 2.00E-02 225E-02 2.50E-02
Secant Period 4.39E+00 4.93E+00 5.57E+00 5.14E+00 6.97E+00 7.83E+00 8.73E+00 9.67E+00 1.06E+01

&3 Shes (&

dib Yo Ol b aie b 558 L YA g e 35 i o Sk O iS5 3l b Sl 00 (YY) K3

101/ 39 g ojlw (iiagh g Golc eyl

&,
Eraum

AC (liusoj g Job - poxao o)laid - podjly


http://www.sid.ir

YAs s bl loe o baoslo dgor S0 5 b 51l
3 S sl b A s Ll s Sk 0L
03,50 1y Ay o Sl Cudst wg,e d5 Cou
sdaline 50 wlal edd b glaosle 55 anls
5 S el s Sles e basle Gl oS s s
S plaesle Ll S s slol 1 ais g Sl Cuds
ol ol oMo bl (b (63 Sas 555 L
3o A e B Sl e s G
e S e el 3 1 B i 0508 s
bt SL S L bl cpl g Cod &S e
crl 8355 as sl bl g 53 (Sadly Lolis &S
Sl gl ) Cod & Ll S ol Sl Ll
wla,s s el Wl s osle 5 Jolie A3l )3
ool 4 @oass @iAl Ll Sl b Ll s
Sl osle b b ples 5 s Sole w4 les St
Sy ol S5 el s g oo o3linal W35 L alilie
oS o Ay o S pskiles (Jle gl e 53
S3H el o b IS Sl ang eslinad pde L s
Jolie L2551 8 o3le a5 0Kl 5 A3l o oL
L 5A ol b eled Sl eslinal 5 las eles s
Lo S Sras S clupe (pl AS e SusE
5268 s pl as a0 DL o5 0 sy 4 e
CAb A5 50 A s sl L3 81 les ) el
FE by sl ol Lolis s s s bl
Ll o 685k o3l JS plagil 515 A3 sl
s el et (b sl sl S s Bl
ssbiles (slasl Ll 51 Ko g 31 355 plgs
3, es Gyl sl el QLS A Jade s &S
ol 45 LSl e 058 0 I St 9 S e e
o 3 e L Sledige a5 35 s Ll e g

Al e

@Ija -4
[1] FEMA. (2000), “Prestandard and Commentary for
Seismic Rehabilitation of Buildings”, FEMA 356, Federal
Emergency Management Agency, Washington D.C.

Bimasn

gaadlan 5,00 sl OB js 5 juae sY 55 Hlade :(]) Jgu

3 es 5 205 Sy 93 53 O amlis

S I

S ,SNhas Y g luie b ol aldas
' — el el "

ST PR v s Shes o —

Sk | cu s

ARNAFA Ve VEA. \YAOOY +» Sl
*JAVAVe 0 YA e b Yy .y ol
VAAYEO VSO TR B UT T P RS
+/AVYE4) VEAVAY e | N0OYY v | s

63 SNhas Y g lude ) ) sldas
RIS PR a T ol
VAYF0 WAG s [ Vet | e
V/400YY YAYFero | Yao0ees | cia
\TARX)Z:}3 EASARRS EVFErer | esjles
\/+aTVE VWEAL o [ VeVEeees | ey
6o, has Y g luie sl a3
EEEEE PUSIRES ” ” b
AA ATV oVUAT | oAder | Ll
+/147044 AYARE A VEVIY v Sl
VATV VEEEYYe | YYTONer | enjles
Nty YW40Ye s | EVAYeer | e
S5 s

e 4t opl e b o Sl ol s 4 e g L
3\ (s s w el b glaesle s oS
bl Sy b Gle lib lal s 5o (b
ol 5,5 G s o IS Slaabpml o, i
S laesle 53 6l S5 L am ST (S aS sl
L Lo 53 Sadly Juaks 6 50en (@b A 5 1)
DL Sl Olge S e s Wl 3y
el o5l 025 02,51 Sl e b S 58
sy Al glassle s lopasia oy, Siss o e

2go 9 ojlw (iingfy g ale aypis /WP

AIC (o) g 1L - poxan 0)laid - padjly


http://www.sid.ir

W/ 3 g ojlw (Aiiaghy g oalc eyl

[2] Housner, G.W. (1956), “Limit Design of Structures to
Resist Earthquakes”, Proc. World Conference on
Earthquake Engineering, Vol. 5, pp. 1-11.

[3] Uang, C.-M. and Bertero, V.V. (1988), “Use of Energy
as a Design Criterion in Earthquake-Reistant Design”,
Report No. UCB/EERC-88/18, Earthquake Engrg. Res.
Ctr., University of California, Berkeley, CA, USA.

[4] Lee, S.S. and Goel, S.C. (2001), “Performance-Based
Design of Steel Moment Frames Using Target Drift and
Yield Mechanism”, Dept. of Civil and Environmental
Engineering®. University of Michigan, Ann Arbor, MI.

[5] Newmark, N.M. and Hall, W.J. (1982), “Earthquake
Spectra and Design”, Earthquake Engrg. Res. Inst., El
Cerrito, CA.

[6] Miranda, E. and Bertero, V.V. (1994), “Evaluation of
Strength Reduction Factors for Earthquake-Resistant
Design”, Earthquake Spectra, EERI, Vol. 10, pp. 357-380.

[7] Krawinker, H. and Nassar, A.A. (1992), “Seismic
Design Based on Ductility and Nonlinear Seismic
Analysis and Design of Reinforced Concrete Building”,
New York: Elsevier Applied Science.

[8] Akiyama, H. (1985), “Earthquake-Resistant Limit-
State Design of Buildings”, Japan: University of Tokyo
Press.

[9] Chao, S.H. and Goel, S.H. (2006a), “Performance-
Based Design of Eccentrically Braced Frames Using
Target Drift and Yield Mechanism”, AISC Engineering
Journal Third quarter, pp. 173-200.

[10] Leelataviwat, s. and Goel, S.C. (1999), “Toward
performance-based seismic design of structures”,
Earthquake Spectra, Vol. 15, pp. 435-461.

[11] Moehle, J.P. and Hooper, J.D. (2008), “Seismic
Design of Reinforced Concrete Column Sections.

el QXA Ol ol s Slidss 5 551kl dans g0 [V Y]

YAv e .})\JJLZ.A‘ 4“4.]}!) JJ\JJ BE LAULQ:?'L»«I C‘}b sl

Q\)_i‘ JL&J}L‘»L}_LAQ\))_&‘AGJJJJJJJ_:)_B;[\V]
Gl ol Fars o Ol Glextle e Sl 500 T(1TAY)

ooV 5

g, :

AUC (liasoj 9 JOL - p0200 0)laud - podjly



http://www.sid.ir

