EVALUATION OF ADAPTIVE MODAL COMBINATION PROCEDURE FOR VERTICALLY IRREGULAR STRUCTURES

EROL KALKAN & SASHI K. KUNNATH UCDAVIS

SNCEE pAPER NO: 700 University of California, Davis, Department of Civil and Env. Eng. UNIVERSITY OF CALIFORNIA

Objective Mass Irregularity & Geometric Irregularity (Setback) Comparison of AMC Estimates with NTH Resu
The accuracy of a new pushover methodology so called “ADAPTIVE MODAL COMBINATION | ° wer | |l west | [l © wmi@ion
(AMC)” procedure in predicting seismic response of the vertically irregular (i.e., mass irregular | According to IBC: 17 v |} MI@5t" 5 | 8 | e o
or setback) SMRFs using a set of forward directivity records is examined. L . =0 UG Vear 1 story
Mass Irregularity: is considered 4 Bonge M@l 4 —eoppo
to exist if the effective mass of |® story T o S
ADAPTIVE MODAL COMBINATION Procedure any story is more than 150 " 3 >
percent of an adjacent story. A A N | 34 47
roof that is lighter than the floor (b) ?
< % T, a5 NOVEL EEATURES OF NEW below is excluded from this o Ll e L 2 2 ¢
> %] — N . . Do :
- T wa | consideration. . :s
g . -0 E We, (o) ? PUSHOVER PROCEDURE I P ¥ S S < 0 ' 0 ;

g erpi/aeclty Fao0 _ L& ad,0 g Capacity . _ ] 0% 2% 4 0% 2%. . 4% 0% 206 4 0% 20 4 0% 20 1%
§ \ . ? spectrum P . Vert|Ca| Geomet”C |r|‘egu|ar|ty Interstory Drift Ratio Interstory Drift Ratio erstory Drift Ratio ‘ Interstory Drift Ratio Interstory Drift Ratio
0 { - S < e 0,0 1. Multi mOdaI'_ Ulie: il pueceelie (Setback): is considered to exist 5 %;t e 5 y s y

A 06 2d," ‘g P ig(r:nolgjimf] forhhlgher mode e_ffe(?te_: by where the horizontal dimension Estimated peak interstory , ”;? MI@1s! o MI@7t" MI@15t
) N - 0 g the response Of |nd|V|dua| of the |atera|_f0rce_res|st|ng d f fI b f o dEen o story C alpn story : story
(;_1;A(: - : = _ modal pushover analyses. system in any story is more than riit protiles by AMC Tor 12 cope ll 127
u Dy, Roof Displacement, u Spectral Displacement, S . | 130 percent of © @ (a) 5—St0ry, (b) 10—St0ry :.:
LSde ADé”Z[[Z(Fn??Adé‘?,)J/[Z(an?)D—I 2. Adapt_lve: It incorporates the effects e e S and (c) 15-story building s @ GOCoas 9 0
of varying dynamic characteristics SMRFs used in this study: (a) 5-story, (b) 10-story, (c) 15-story with mass irregularity (Ml) 3 i
during the inelastic response via its (shaded floor indicates the location of mass irregularity) and at various story levels. g 6 : 6 @ 6
AMC Procedure eliminates the adaptive feature. (d-e) 10-story setback frames. A ,
The dispersion in he demand 3 ool 3 3
need to compute the Target 3. Modal Force Vectors: The applied esimaks is indicaed by do tid Biis e
Displacement prior to commencing lateral forces used in the progressive lines for he 16 and 84 o ladie 0 Lot | 0 Lo |
. ushover anal SIS are based on perceniles 0% 2% 4! 0% 2% 4 0% 2% 4%
the pushover analysis. f’nstan taneousﬁnertia . interstory Drift Ratio interstory Drift Ratio interstory Drift Ratio
o q e .. distributions across the height of the | | fGrgund Motion Data (Near-fault Forward Dir. ) 0
al o i ------- ‘ - 5 \ . Lpeiod eongation |~ building for each mode. | o vean
g o : e o _ 5 oy
% | g ey 4. ConStant-DUCtllltv Cap aCIty No vear Earthquake M Mech. Recording Station I(Dll;tﬁ)z SCI)DuaI‘t:e3 comp. P((;;A (CITDTI(/SSZC) ° IBC2000 Design Spectrum F EEII “)--@
g g i — g Spectra: The target displacement is ) 190 Notbrdg 67 TH PR oo 2 sew oo mhe |2 ovtance Sk 5 6 Al Estimated peak interstory drift profiles by
— estimated and updated dynamically s 1004 Noidge 67 T4 Symrcowmwsags 61 1 ;e om s |82 1BC coeficiens n 3 AMC compared to NTH analyses results for
? e SS(”) | & . " during the analysis by incorporating > oo 22:2;;332 o i'e{)rﬂfje‘;;”v“:”,_j;f;?;a._ o § T 7 MeanofGus computing design base S 4 10-story building havi_ng setback at se_cond
59 o ] s VARl energy based modal capacity curves  lood Nomrige 67 TH  NewnlLAFeSm | 73 1 %0 os s  |B1 /P\\ Z=04, Source Type = A * story level (Left) and fifth story level (Right).
Spectral Displacement, S , Spectral Displacement, S , in CO njunCtion W|th COﬂStant-dUCtlllty 190 ;ggj g;,ﬁ;:%ge g:g ;SH E:ﬁ?;!:;clocanyon ;é ; 222 g:gg Zi:g E,)_ —— II\IEII(T)LZRIEI\é=516 2
|—With computed system ductilityy,ﬁip)A Cap aCity SpeCtra' i(F:Tg;;isr;gd:\:tzc:lintisr:a:HTH:Thrust; 35 kel OB Ol 0 — _ | 7
¥ Data Source = 1: PEER (http:/peer.berkeley.edu/smcat); 2: Cosmos (http://db.cosmos-eq.org) 0 1 2 3 4 0
Period () 0% 2% 4% 0% 2% 4%
) ) ) ) ) ) Ground mOtionS from recent ma'or Interstory Drift Ratio Interstory Drift Ratio
AMC Procedure eliminates the limitations of Capacity Spectrum Method . J . . :
: = S _ Californian earthquakes were carefully IBC2000 design spectrum together with COﬂClUSIOnS
and Displacement Coefficient Method by utilizing concepts of: compiled so that the mean acceleration pseudo-spectral acceleration spectra of near-
shpeclzércl:JrQ of the selected records mthIches fault forward directivity records (Left), and | 1hjs study evaluates the accuracy of the recently developed AMC procedure in predicting the
ENERGY BASED INCREMENTAL MODAL DISPLACEMENT :aﬁge ’ seslegc’:rt]rZIpsce::irgcTsacross awide IE;]C cc()sfflrc]:;)ents In computing design base | gaismic response of vertically irregular (mass irregularity or vertical setbacks) steel moment
: shear (Right).

frames subjected to near-fault forward directivity records. By including the contributions of a

T e : : : : sufficient number of modes of vibration (generally two to three), it is demonstrated that the
INELASTIC SPECTRA AND DYNAMIC TARGET POINT Each individual record satisfies the soil and distance constraints of the design spectrum. oroposed AMC procedure is able to estimate interstory drift profiles with acceptable accuracy

Records were therefore used in their original form without scaling. when compared to results from NTH analyses.




