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Fig. 1. Fundamental of direct displacement-based design method
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Fig. 3. Design spectrum of structure

SACT (5¥8 (60595 5> o dlpiuing (s cuslols Vo jglaie
5 o whie laeulSols o8 sl o ool ) (cdilaie <l
5 bojle (58,5 Jlas > Yy des 1 [YY] Cl odd &1l 0590 oyl
o1 oliio SUa}; o Al £5d9n et 35 el (seilaie
Sl cpl Al oo oy pd adlaie Cpl 0 baojle 3 Slee Sbj)l (sly
S 1) 39 Wl calio baojlu (slojy) 3 Shoe (b)) sl CllS s
Sy b lbasl ol buwg oas dlgrin culSioks sl sl
Smssz () 3 55 ol Bbe ol ol 51 a8 s Bdee o3
b bwgie (6)8 3l loads solatwl LU lp cslOts Yoo oyl
ol sl ¥ s 0 shb cab b oad ales gedlols ¢l

ol 0l

Sl e \‘Ml by I edlatel b ool slhb sl

3 SAC (Structural Engineers Association of California,
Applied Technology Council, California Universities for Re-
search in Earthquake Engineering) steel project

4 OpenSees

YY)

o 03> Ui ¥ JSKi 50 48 3903 e [V] o pel (6535 )b (gaalipyel
Ll
Aty s cov Sb dal 0Sles maw 4 obcw sl G
Oled Cuwl odd B S las > Jlo Be 0 oy Ve ggdy Jlaxsl L
o b s o)l e ooy wlel Sl B, jd &S b
5 55 5 390 3,8lee o by blite Sl bl olsie & ks
s ool bl e [V] 0 sl (gilue (sebiom] 29 i8S
Sles o dlpidny ddb gla)l wop VA ) Sl el 5,Slee plaw b
e 2l & pbcud (93)Slas Ban 5 agh cnl 3 9y ol ]
099y bl ekie 4wl ond a8)S Jlas > Aoy Y/ 3l S wlib
Sl u—f‘:’.j)‘ sbd; cov i Ls.>|).|o ol o Sy ‘_5_>|)]o

Ol sl ol 485 )5 > (sladlf Nigd o (b et Sloj a2 )b

1 ASCE7-10
2 FEMA 356



YVAY B YVEY docio Ve e Jlo & o,loud Y 093 ¢S ool (ol pos susdi 4y

1204
} ---- 1a07
Bl ----1al0
'Hﬁn ———%313

o — .. —1al6
! 1\ —--—1lal9
— — = Design

(&) il Sl

............. 1302 1303
............. 1305 _——— 1306
----1a08 ---- 1a09
——-lall ———1lal2
——-lal4 ———1lal5
—--—1lal?7 —--—1lal8
— - —1a20 Average

[YV] s dub U oud Gls! sl 75 cbeuiSotni dub (6,5 5L .F JSUS

Fig. 4. Compatibility of acceleration spectrum of test earthquakes with design spectrum
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Fig. 5. Validation of modeling steel moment frame equipped with fluid viscous damper
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Table 1. Calculations for the design of 12-story steel moment frame
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Table 2. Design parameters of direct displacement-based design method for structures
equipped with nonlinear fluid viscous damper
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Table 3. Required moment strength (MN.m) of structural elements for buildings equipped with nonlinear
fluid viscous damper
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Table 4. Design section of structural elements for buildings equipped with nonlinear fluid viscous damper
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Fig. 6. Average ratio of pseudo-spectral velocity to spectral velocity under test
earthquakes
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Table 5. Damping coefficients (MN.m/s) of nonlinear fluid viscous damper with applying y constant
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Table 5. Damping coefficients (MN.m/s) of nonlinear fluid viscous damper with applying ni and y constants
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Fig. 7. Comparison of design results of structures equipped with linear and nonlinear
fluid viscous damperspectrum

FYva



YVAY B YVEY docio Ve e Jlo & o,loud Y 093 ¢S ool (ol pos susdi 4y

|y altno cpl & conl ojl ) Sl pl 5> Vb cod b goimd
A ol (hb gy Cudgioe g cand bl plgis 4 (g
oS (lbojls )3 b o bl 51 005 o)Ll Jobs axdl b5
oS )5 wom e 5 Mbied arg LB wdine Bld & ag)ye
Slgice 5 390 s5b 4 oad Mol it 2lomle lul 2 (b ()
P Sl 4 jaome sbaojlo (o 1) jlai 5550 0)Slee B 4 b
Ly >hb ogy cpl g 35ke 035l calisee b sl b Jas pé Jlw
eme sV et ol (Sl ) 2 b, gt 4 ol
@l ool adl.cd)5 )l 55 (b i (izmen g (oS Sl 23 Syee
S ilp 2l gy 2 Slas o5 ail oo (sladllae 5)50 (pl 4 by
485 )13 ey 0y90 (sloj ) it s Sy cod asiiie 5 Sos
Syt Pl gy a0l 3580 oty plisabl gl oS sl
235 518 s 2590 Sloj ) it ol oui (63 )Shes S5 Zskaw
Sojl L5 rw Giagh cnl I ol @l Glebl sl (izmen
Gl jiagy ;0 dul &S Nad Ly (Selite lad sl b calise
99y Sles g o odel Cund w4 s 5l i oluebl (gl oas]
Ol 3905 (b)) o st slaojl (b 3 ) 0 Sletiy ()b
Sodlatal b g J 38w (g 15 3)90 (93 )Sos aw & (b
Syge onl 3wl Adl oo pus el bl plul 2Lk (b,
P (kS lojle slasl b izmen g (2Ll sal Gop e
03] 45 395 _wy p odi] (olaimg ;D 340 oo st 45 39 Minlgs
2 bl sy lojle lasl dblis oS 3 > 42 b S

S35 ot -0
Jbw g3 Slee @ joome (V5 (oded 0B (gl ool
o2 Mol paiitis (bl bl 2 (b b9 jleslital b (o s
b o SNBL 5 VL gladge p3U U 4 (2ol cul s Jloel b
el gy onl sl g (Db ik G g 5 i g
oad 03> (Ui Gy slagiagl > (S Sl 23 She sl o
5o ad et Jbw 23 slaSlie slp gy ol adllas cpl )3 oS ol
s A ¥ Calisee Clids slawi b 60V g8 Liied (slaslB g oo 0015 drwgs
sl 3 Sas o a4y obcwwd Gaa b gy oyl eolaiwl b ddls VY
load ahb Jls Be 53 ko3 Ve sy Jlaisl b ) s cos b

s oo ) Se 4 1y s sl il sl b
o 1 OE Y0 o pd a4 a9 L 5 Giagl (nl p ol 4B )l )
3 Opzmen 9 o0 Cguome b (ol )85 b Jbw 23 sla Sy
Slie sy )13 &5 €85 aons (lgiee ¥ USS 5d 0nd )] s
A ojl > Jle plgis 43> Slye alie cupd 3 2y B U
plpoile cilisee Sl )3 (Jad b Slye olye culp ggerme aib
odd JyuS el blie lude a5 Jbs 5 il e YY/Y (MN.S/m) L
e VY (MNLSYMO) |yl s Soso oy

Wig ol 3 02b 03> dnwgi (b (g) 3 Sdas b5l Hdlate
Sl ezl Jlbs byl cled i cod oad (Slb glaojle
o cov Alib s ool Sl bwgie i oS il Jad e
oo JS5 ol 3 45 b lan el 0k Gl A S5 o Wadly;
bt Jlow 23 5o by 0ad S sl (ol @bt 29 o0
3,80as o (2 (sloaslivnal 5 sl 0l 1)) 3 S ricman
iy ojl ooy p (sly iliie 3o aw 93 Lies laojlu (loj)
s ol ol o5l JS & bogyye 3,Slae peans Sy sl 05
ool o ojle slacl 51 G o (ol albls (60 Slas maw g Clib
oo e cul Ban g [Y] 050 apsi g o (xdge Gl
53 b g il e it (olule bl (2l by (g3l
iy ojle Clib s bl gl Ll G ol ol
o 3 ladllae )50 (0l 53 9) cul Sl cojlo guae y2 3 Shos 453945 0
Gy 59y 52 5 005 a5 by &lSlis yobo 4 ol (slisel (glogy) 3 Shos
Lol 0l 38 005 05l clidb IS

Sl o ol 5115 Lagin 353 talie o5 g los
b &3 Shie bawgs 0ad Jpu8 ol )5 b))l sladllj cod
B kg Ml Ban (s Qe e 4 S35 et pd
4 Dad o odalie B b sbols | g5l 5obe ojle wlalb
iy Slid s obuls Sl e 4b VY (ol 5 Jlte oloie
b G s bl 8 o 18l e dib glis)| 1o YV
sl 1o aib A o ¥ slaojle .l odd a8 )S \a5 )5 duo 3 VD G
I st 4 LBl e didbs £l 1oy VIV b il Sl s ol
2 b ey gl €85 aon g e calpln sl b Bun
Onb Olads > pisren Bl e olisS lrojle g il glaojlu
Ol &S 3L e G s ol 3] a8 o bl ;o ol

YA«



YYAY U YVEY doxio Yo e Jlo A ojladd O 093 ¢y yuol ()l yes cwdins 4 i

4 1
----- Nonlinear : :
Linear | i
3 4 Ls

|

|

|

i |

i |

1 .-' :

1

' I

1 |

0 H |

0 00l 002 003 004 005
sl o olulafdil glis)|

aib ¥ ojlu 1l

0 0.01 0.02 0.03 0.04 0.05
b oo plnlrlaib els)|

aib A ojlw o

e
[
| I

|
-

O = kW st Sy =1 00O
1

0 0.01 0.02 0.03 0.04 0.05
b oo plmlrladb glis))

AL 1Y ojle o

¥ oM cal o Jlosl b Jlow 259 5510 i 00h 55 (500300 Sl o ol 55T A S5

Fig. 8. Peak story drift ratio of structures controlled by fluid viscous damper with applying ni and y constants

YYAY



YVAY B YVEY docio Ve e Jlo & o,loud Y 093 ¢S ool (ol pos susdi 4y

ciS

&lo
[1] ASCE 7-10, Minimum design loads for buildings and
other structures, American Society of Civil Engineers,

Reston, VA, 2010.

[2] FEMA 356, Prestandard and commentary for the seismic
rehabilitation of buildings, American Society of Civil

Engineers, Washington, DC, 2000.

[3] S. Leelataviwat, S.C. Goel, B. Stojadinovi¢, Toward
performance-based seismic

Earthquake Spectra, 15(3) (1999) 435-461.

design of structures,

[4] S.S. Lee, S.C. Goel, S.-H. Chao, Performance-based
seismic design of steel moment frames using target drift
and yield mechanism, in: Proceedings of the 13th World
Conference on Earthquake Engineering, Vancouver,

Canada, 2004.
[5] M.N. Priestley, Myths and fallacies in earthquake

engineering, Bulletin of the New Zealand Society for

Earthquake Engineering, 26(3) (1993) 329-341.

[6] M. Priestley, Myths and Fallacies in Earthquake
Engineering, Revisited: The Ninth Mallet Milne Lecture,
2003, Istituto Universitario di Studi Superiori di Pavia,

2003.

[7] A. Shibata, M.A. Sozen, Substitute-structure method for
seismic design in R/C, Journal of the Structural Division,
102 (1976) 1-18.

[8] A.K. Chopra, R.K. Goel, Direct displacement-based
design: use of inelastic vs. elastic design spectra,

Earthquake Spectra, 17(1) (2001) 47-64.
[9] M. Priestley, M. Kowalsky, Direct displacement-based

seismic design of concrete buildings, Bulletin of the
New Zealand Society for Earthquake Engineering, 33(4)
(2000) 421-444.

[10] D.R. Sahoo, A. Prakash, Seismic behavior of
concentrically braced frames designed using direct

displacement-based method, International Journal of

Steel Structures, 19(1) (2019) 96-109.

b b b calie 35 calobs Ve cov ons (slyb (slaojle
i ol slagal fShis 5 005 bt Sloj s o
Jbw 7 Slyee bawgs 0ads JpiS cdls jd puizma oo jlo ol Cawl 04
s glacds p (shb @mls n lawlie 5 oad (Shb 5 las
oLl pls ol 0l ploil Jas e g Jod Jlow zi Slyo lawgs ol
a8 ) o

Jooi Slyee by 1L &S 4l Syl gy Sl 4 255 L )
e ol ods 4B )3 Jlai p lSS (las e g Jad b (0 248
B o ep a Soop s e g s cls 93 o 0 Jolee plyee
o3 (ad pud g (b Jbw g3 Slyee cudsbs (o (e JB SSTS
Sl olye ol s gaezme dido A g0l jd Jlio lais 4y 044 0
S 3 asbe Y/ (MNLS/M) b ply ojle calisee clib > s
MNL) L ply ad e Slhe bawg oas JpuS clls o bl Hlade &S
Ak e V/Y (s*/m®

ol byl cdil; codond b abed Ol 5 Slas-Y
ol e 4 Soop clab s obul Sls lhwgis 4w o
Sl ol Glib (S 5 9 OB (B 50 ol g Ml oo Ban (o
Jde dals VY ied Gl o b o sdnlie GBla ool
2 Dy ol i8S a5 10 Mo V0 sk Gua o obuls &5 Jb
YIVE plyp clidb s obols iSlis jodib A o ¥ Lied ool
Olge cnlpls ool (sl Gua i i a8 Wil e adds glay) o)y
loojlo 5l it wl cloojlo 3 2k gy sa0l5 €8S aons
Al e oS

eSS i ool Jlide osis Sl sl ol clab -
ol YL cund Sl gonad lis &S wib e i s obuls
g s bl e 4 g |y Epdge nl & Wik e ol | il
8,5 5y ead dletitiy (b ) Cudgiee

SOl o Gua ol obols jledd o)Ll jlow asol 4 do 5 L-F
&S C8)S am lgi e cplply Wbl 3l s dab A 5 ¥ Ldies
Slgicen 5 F90 y5b 4 ord Pl puditns olmle el » (2hb ()
calizes lab slaws b bojlw jo 1) Hlas 5)50 5,Slee CBan 4 b
2 bl gy olys 4 Glgee |y Phl Ghey cnl 9 2ls eyl

2 bt Jhw 23 Sl 4 rome 3V pded ool ()b

YYAY



for designing steel structures with nonlinear fluid viscous

dampers, Structures, 22 (2019) 154-174.
[21] M. Noruzvand, M. Mohebbi, K. Shakeri, Modified

direct displacement-based design approach for structures
equipped with fluid viscous damper, Structural Control

and Health Monitoring, 27(1) (2020) e2465.
[22] M.N. Priestley, G.M. Calvi, M.J. Kowalsky,

Displacement-based seismic design of structures, [USS

press, Pavia, 2007.

[23] T.J. Sullivan, Direct displacement-based design of a RC
wall-steel EBF dual system with added dampers, Bulletin
of the New Zealand Society for Earthquake Engineering,
44(3) (2011) 167-178.

[24] K. Rama Raju, M. Ansu, N.R. Iyer, A methodology
of design for seismic performance enhancement of
buildings using viscous fluid dampers, Structural Control

and Health Monitoring, 21(3) (2014) 342-355.

[25] F. Zareian, D. Lignos, H. Krawinkler, Evaluation
of seismic collapse performance of steel special
moment resisting frames using FEMA P695 (ATC-63)
methodology, in: Structures Congress 2010, 2010, pp.
1275-1286.

[26] A. Elkady, D.G. Lignos, Effect of gravity framing on
the overstrength and collapse capacity of steel frame
buildings with perimeter special moment frames,
Earthquake Engineering & Structural Dynamics, 44(8)
(2015) 1289-1307.

[27] P.G. Somerville, Development of ground motion time
histories for phase 2 of the FEMA/SAC steel project,
SAC Joint Venture, 1997.

il 7 ol Gl e el e wes il [YA]
ool U Lassles glog,) (3] inl 53 555y (sl STpme 3,8 Los
ilj 5 silocSis Mollm (il S (s e (Seolins el |l

YA (oo S

[29] T. Paulay, M.N. Priestley, Seismic design of reinforced
concrete and masonry buildings, Wiley, New York, 1992.

YYAY

[11] G.J. O’Reilly, T.J. Sullivan, Direct displacement-based
seismic design of eccentrically braced steel frames,
Journal of Earthquake Engineering, 20(2) (2016) 243-
278.

[12] S. Malekpour, H. Ghaffarzadeh, F. Dashti, Direct
displacement-based design of steel-braced reinforced
concrete frames, The Structural Design of Tall and

Special Buildings, 22(18) (2013) 1422-1438.

[13] T. Sullivan, T. Maley, G. Calvi, Seismic response of
steel moment resisting frames designed using a Direct
DBD procedure, in: Proceedings of the 8th International
Conference on Structural Dynamics, Leuven, Belgium,

2011.

[14] R. Roldan, T. Sullivan, G. Della Corte, Displacement-
based design of steel moment resisting frames with
partially-restrained beam-to-column joints, Bulletin of

Earthquake Engineering, 14(4) (2016) 1017-1046.
[15] C.I. Nievas, T.J. Sullivan, Applicability of the direct

displacement-based design method to steel moment
resisting frames with setbacks, Bulletin of Earthquake

Engineering, 13(12) (2015) 3841-3870.
[16] D. Cardone, M. Dolce, G. Palermo, Direct displacement-

based design of seismically isolated bridges, Bulletin of

Earthquake Engineering, 7(2) (2009) 391.
[17] Y.Y. Lin, M. Tsai, J. Hwang, K. Chang, Direct

displacement-based design for building with passive
energy dissipation systems, Engineering Structures,
25(1) (2003) 25-37.

[18] J. Kim, H. Choi, Displacement-based design of
supplemental dampers for seismic retrofit of a framed
structure, Journal of Structural Engineering, 132(6)
(2006) 873-883.

[19] T. Sullivan, A. Lago, Towards a simplified direct DBD
procedure for the seismic design of moment resisting
frames with viscous dampers, Engineering Structures, 35

(2012) 140-148.

[20] S. Moradpour, M. Dehestani, Optimal DDBD procedure



YVAY B YVEY docio Ve e Jlo & o,loud Y 093 ¢S ool (ol pos susdi 4y

o3 gl | lio opl 4 Ao
M. Noruzvand, M. Mohebbi, K. Shakeri, Direct displacement based design approach for steel
moment frames equipped with nonlinear fluid viscous damper, Amirkabir J. Civil Eng., 53(9)
(2021) 3763-3784.

DOI: 10.22060/ceej.2020.18103.6769

YYAL




