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ABSTRACT: Traditionally, the seismic design of buildings has been based on strength criteria. In
design using elastic codes, the damage was very high because the elastic method of seismic design
has failed to provide insight into how the building behaves during earthquakes. The main approach of
this research is to show that with proper distribution of shear strength of components, storiess and the
whole building, using nonlinear analysis, it is possible to provide a situation that minimizes the building
damages in strong earthquakes. Moreover, it is shown that selecting the type of analysis will play an
important role in determining the optimal strength distribution. To achieve such a pattern, a frame with a
special moment frame system was used as the main model, which was initially designed by linear static
analysis, then the optimal strength distribution pattern of the frame was estimated with proper accuracy
by repetitive nonlinear dynamic analysis on the building and the structure sections were determined.
Then, the buildings, which were designed according to the estimated strength distribution and the code
proposed distribution, were evaluated and compared using nonlinear time history analysis under a set of
22 near-fault and far-fault motions. Finally, the best analysis type in the seismic design of high ductility
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concrete buildings in near-fault and far-fault regions was select.

1- Introduction

While buildings are usually designed for seismic resistance
using elastic analysis, most will experience significant inelastic
deformations under large earthquakes. Modern performance-
based design (PBD) methods require ways to determine
the realistic behavior of structures under such conditions.
Enabled by advancements in computing technologies and
available test data, the nonlinear analysis provides the means
for calculating structural response beyond the elastic range,
including strength and stiffness deterioration associated with
inelastic material behavior and large displacements. As such,
nonlinear analysis can play an important role in the design
of new and existing buildings [1-3]. Researchers continue
to look for methods that, in addition to time and cost-
effectiveness and accuracy of solutions, can provide the main
earthquake parameters. One method for solving this problem
is to use nonlinear analysis in the seismic design of buildings.

2- Methodology

In the present study, a new methodology has been presented to
provide seismic design considerations of low-rise reinforced
concrete (RC) special moment frame. One of the innovations
of'this research is the use of a new methodology to select basic
building characteristics using nonlinear dynamic analysis.
For this purpose, a regular multistory RC frame building was
designed using both the proposed and conventional methods.
The two methods were assessed using dynamic analysis.

The first building was designed with linear static
analysis (LSA). The second building was designed with
nonlinear dynamic analysis (NDA). The dimensions of
the structural components designed with LSA by the
Iranian Seismic Code (IS 2800-14) [4] and NDA by
chapter 16 of FEMA P-1050-1[5] are reported in “Table
1” and “Table 2”.

Table 1 Design results of LSA

Beam Column
Building ~ Story Reinforcement
b (cm) h (cm) b(em)  h(cm) Number of bars Bar size
1 40 40 45 45 16 16
LSAB 2 40 40 45 45 16 16
3 35 35 40 40 8 16
4 35 35 40 40 8 16
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Table 2 Design results of NDA

Beam Column
Building  Story Reinforcement
b (cm) h (em) b (em) _h(cm) Number of bars Bar size
1 40 40 50 50 8 20
NDAB 2 40 40 50 50 8 20
3 35 35 45 45 8 18
4 35 35 45 45 8 18
4 4
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Fig. 1. Average maximum inter-story drift ratios of NDA under far-fault ground motions (a) X direction; (b) Y direction
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Fig. 2. Average maximum inter-story drift ratios of NDA under near-fault ground motions (a) X direction; (b) Y direction

3- Results and Discussion

Fig. 1 shows the average maximum inter-story drift
ratios for the LSA building and NDA building under the
eleven far-fault records in both the X and Y directions.
It was observed that the average maximum inter-story
drift ratios in the NDA building on almost all stories
in the X and Y directions were lower than for the LSA
building.

Fig. 2 shows the average maximum inter-story drift
ratios for the LSA building and NDA building under the
eleven near-fault records in both the X and Y directions.
In the X-direction, the first story of the LSA building,
and the second, third and fourth stories of the NDA
building recorded the smallest average maximum inter-
story drift ratios. In the Y direction, all stories of the
LSA building had the lowest average maximum inter-
story drift ratios compared to the NDA building.
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4- Conclusions

In regions under far-fault ground motions, the
maximum inter-story drift ratios in the NDA building
compared to the LSA building in the X direction decreased an
average of 13% and, in the Y direction, decreased an average
of 4%.

In regions under near-fault ground motions, the
average maximum inter-story drift ratios in the NDA building
compared to the LSA building in the X-direction on the first
story increased an average of 26% and on the second, third,
and fourth stories decreased an average of 20%. In the Y
direction, the values for all stories increased an average of
25%.

e  The nonlinear dynamic procedure was the most
suitable approach for the seismic design of RC buildings
with special flexural frames in regions under far-fault ground

motions.
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Fig. 3. Generalized force-deformation relation for
concrete elements or components [25]d
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Table 3. Characteristics of accelerometers used in building design and preliminary evaluation [27]d
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Table 4. Performance level of preliminary building in
nonlinear dynamic analysis
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Table 5. Design results of nonlinear dynamic analysis

olileaab Ll Y
S8
b (cm) h (cm) b(cm) h(cm) Slass oIl
\ f. €. o O A Y-
NDA Y ¥ \E O O A Y
Y Yo Yo o 0 A YA
¥ Yo Yo o o A YA

S i 53 b Jsbo (slos Slos s 3l e ¥
Lo ygiw 5 o S lie
Colue 835 L o colb b by colue ool s
G (gl o el s l sllo Job slos Ko 5 o
oy Colae Sl 5l (pan )3 g Swglie @y @ 3L
Gan 5,Slee b 2l e bys S50 o8 853000 o8 iz
Ul o, 5 aS Lol ) conl Gl ol 5,Slos o a5
g il ey 1) cslin Cuglie majeh 4y 8l Cews ;o (oS
walss 5, 1) 550 5,Skee b b3 ads) la i los 4o
ool b a5l 5 loysin 5 5 Colun ol e 08
2 o5 G by sz Led 5 opdoe Al (S el
gl odgazme )3 1) cenlie aig Coglie @i a4 L Cewd
BRIPSRIOWE SNUEY| o] Colae s b g a5)ls 1) o o, Sles
b, Coluw wd osls w3 plply 0sd soi cdaliv s
5 Logiw Colus i 5 05d (28 ol (b anls U5 5
et Bl Gu e bl 09d ool pss (Job slas S
O et by ol Jsb las e 5 lapgie colae (0l
5 58 0 3 aem el e 4 oo (sloo Shos corls
3 e iyl (s ) S slodolos 5 435 a2
5 o 5100 Shs it b Lo il oSl 53 b ol sl
S A8 e 03,9l ) (b Bas g ol sl a5 el
olesls ssi e b flazsly 5 Slas gl a5 b e
Kool o el & 0,5 o B 55 09 Sl e 52
sladelos 5l G (Jy b Sl pleaiZlo 59, 2 S (S e
25 sanlin g5o50 ol Gl (g5, 2 5K at b (Socliss
el 4o 5 5125850 il o Jobo (slas Shoo 5o b s o
g o Lol b Blaal 50,18 ad 518 Baw o Slae mhaw o

Ll a4 adgl izl o aSul lyp canloais solazwl Lacl
03gdte o Lacl adS piomen 5 05d bl aygy Sl soladl
b e QB 5y p p )13 Gl el 3o
Oy odd ok YA o labinl hles gdo a4 by 6 pdy IS
sl 13 28,5 plosl s o (Saoliys oo 5l eolinl b >
Lacl ads’ s Sl mdaw o0 S cosl a8 3 alodl slasgs & )b
5 95,5 &l golaidl 7 b wp 5,5 )18 Sl sl 0dgd0me (o

30,5 e (Sl sl ol

ol le Blasin (i g (2baiange -7

555 sladlily il cos ol loj ) i, s Ladly a5 az ]
aS cenl Gzl 1o slog I Cuoglin xo 595 0g5u @Bl ,0 0,135 o ]
Cuglio g2558 (ol 6,138,k (68U S a0 L laaslipy | 4l
ooglie &35 o8I (pl &S S oo aSes platle ) ool
¥ crlple )8 walss s ) pletslo oy ) )18, (SSeSs
(B L Gl 4 Sy (9ged S e Sl 4 B Sl
St ol )o Cueglie miish s05 (55) 2 Shol ax g
I Togs

Ol el 22355 9 Conglie e (sl ol ez gy (ol 5o
AN s b s é Seoliys b 5l oolinul b glis | o
551 o le a5 0,10 995 FEMAP - V0= asl oyl

Colue 385 S5 0 cob b by coluwe ol sy -
b slas Ko 5 lay s

2l l Jobo slao Shee 5 lagygis Crlis (ol i ¥
Loy Colae (58,5 15

@ oy g Job slas e g lapygin Coluws ols s Y

ole) po O)90

Yory



Llgs a5 wlaad 485 Jas 3 (5 )9k ldgiw 5 b s ablie -F
Jed 5l ol eas cole, JolS j5b o o] j0 o5y (ctas b
Cog Jlail doiizr )3 A e 5 (658 (g —iond

Oleyon jsb 4 (Jsb slas Ko 5 abolie ol )3 yts O
Dl yatuia g yd & S, 3l U ccnlanls pll ST
51 sl ot Sz b 3 args LB 4SS
Ol ¥ Jsoz sladils asgemme 5l S9zge sladl )y 51 S0
Olasie b glaisle SO A5 o glp ab o oolaul 7 b dl3l;
Sleitlu 9 50 el s dwg 4 onls )b laslo 5l oglas
u>_'>|)Ja ..L..:T)S g5 e .olob_a &1l gy acgomme b ool u:’"‘)‘b
2 o Sl s, b ozl o s o ok sl
aouls b GlaBle ablis 0l Culey 30 5 7)o ¥ cond
abiyol p1VF Jad balgs 3o as o Salns Jlos SWS
Jsiz 0 ¥ Jsoz slogdy); asgame <o FEMA P = )+ 0+-)
Jouz jo b e Slos g, sl eolaiwl b oo 7 )b leislu
S gs ,m el s 58 W3 a5 shailen Caslonds ools L &
a8 ,§ plnl Jdow g9 @ azgi b g )laid] pul G boplasle
L pgo pleile glpy canloass a3 )3 b o leisle >l o
(o pe Gloj azzn )B) (as i (Sealis Julog a1 @ 4z g

elmad aglie O JS5 s laisle £55 90 8 o Jsb

NDA Ql.n;i.'}Lw &O90 uS)Lm.o a0yl g ‘;wl.u)l gsl.'(i OLD} R Jg.\?

Table 6. Priod and modal participating mass ratio of NDA

building
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Table 7. Ductility coefficients of LSA and NDA buildings
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Table 9. Characteristics of accelerometers used in evaluation of buildings
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