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Abstract

Crescent-shaped concentrically braced frames (CSCBFs) represent an innovative seismic-
resistant system that blends the strengths of Special Concentrically Braced Frames (SCBFs) and
Special Moment Frames (SMFs). SCBFs are valued for their high lateral stiffness, which limits
seismic displacements, simplifies drift control, allows for smaller structural sections, and reduces
costs. They are also easier to repair since braces can be replaced more readily than beams or
connections. However, SCBFs restrict architectural flexibility due to diagonal braces that
obstruct openings and suffer from poor post-buckling behavior, resulting in asymmetric
hysteresis and reduced energy dissipation. SMFs, by contrast, eliminate diagonal braces,
providing open layouts and superior architectural freedom. Their ductile seismic response arises
from flexural yielding in beams, but this performance relies heavily on complex, precisely
detailed beam-to-column moment connections. Thus, while SCBFs offer stiffness and simplicity,
SMFs provide ductility and openness, qualities CSCBFs aim to integrate.

CSCBEFs achieve this integration by employing crescent-shaped braces that resemble circular
arcs. Unlike conventional concentrically braced frames (CBFs) with straight members subjected
mainly to axial forces, the curved geometry in CSCBFs introduces strong axial-flexural
interaction. This mitigates brace buckling and hysteresis asymmetry, improving ductility and
energy dissipation. The system combines stiffness, ductility, and architectural flexibility in a
single design philosophy.

To evaluate their seismic behavior, multi-story CSCBF archetypes with varying bay numbers,
heights, and brace eccentricities are developed. Since no design codes currently address CSCBFs,
these models follow SCBF provisions. A capacity-limited design methodology is applied so that
braces act as energy-dissipating fuses, protecting beams and columns from inelastic damage,
mirroring the SCBF philosophy of controlled damage and repairability. Nonlinear analysis
methods are employed to assess performance. Fiber-based static pushover analyses provide key
parameters such as ductility and overstrength factors, offering insight into deformation and
strength capacity. In addition, nonlinear time history analyses with 11 pairs of far-field ground
motions from FEMA P695 measure dynamic responses, including peak and residual drift ratios.
These results are compared to seismic code limits to check compliance and safety. Findings
indicate that current assumptions for the response modification factor (R) of CSCBFs may be too
optimistic, highlighting the need for more conservative design provisions and further studies.

Energy-based evaluations further clarify system behavior. Analyses of hysteretic energy,
damping energy, and Kinetic energy show how seismic input energy is distributed. Results
confirm that the capacity-limited strategy works effectively: beams and columns remain elastic,
while braces absorb most seismic energy as sacrificial elements. This ensures both safety and
repairability after strong earthquakes.

Overall, CSCBFs offer a promising structural system that combines the stiffness and
simplicity of SCBFs with the ductility and openness of SMFs. By using curved braces to improve
buckling resistance and energy dissipation, CSCBFs achieve a balanced performance that
addresses both engineering and architectural demands. These findings support CSCBFs as a
practical high-performing solution for seismic design, though refinement of design guidelines
remains necessary.
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Fig. 1. Crescent-shaped concentrically braced frame



ol H3U1eoliule Ylusl

e SRl Sb )l 9 SN 1,5en ssbig ki) lee Sl b b (b 9 Julow

160

1820 160

244
r ﬁ -
1220
Unit: L J *
mm 160
T
300
s

[VONY] (et skl i (25 Sl Y K
Fig. 2. Elliptical brace test set-up [15, 22]

oyl b Y

S35k [28] ETABS i3l 5 5l esliad L 1yl 1) lai sod
ey bl alsl b (LRFD) cuslie 5 5L ol 15
3= G S S e 205 Sleiln i S
Lo bl 5 b o) dol o8 s ol e slads s
o5 Sl Sen ladiles wlie s (it cnl loj ) 5 Shas
o3l 35 5 (sloslw b > ek 4 3 pd e 4 Sk
O s9d > 4z o3l Cu:)\ O 9 35 Jal gt adsles Olos
Dy 23 e

S e e s Sy I8 4 andllans 5o slao sl
/10 /15 LI20 Uy ol sLaciy 5 0 51 s 5 3 48 At
2% el Sy S 50 5l 2 O Alge Jsb L STLI6 5 L/B
b e ¥ L el LY 48 Sl sl
Sl s Solate gl bl Laoslw ol i pd o0
VLl Uiles ;S 1y 4 55 [24] FEMA P95 fosll 2
Lad s 5 s a bad)lee SNLT oman 5 a0 s 4 a5
@_;;\ Lalgiw 3 b, dal.u Aledd Sl hate O g 4
L S bsd g5 sl bl sblie 5 A992 Hllas LSS W
s (Sl ol 4 S s L, ks ABOOGIB xlLias
Sl Sl aS cal Golie m e O S (F) K8 illae Lassle
2 s el WSSy glaly s wlas Hlex 5 X glisl; s wlas
Sl & Odeny sl rizmar Aol 20 VIV dslas J5b plus
oo wblin it sl (S o 5 (63,005 (55l
(1) o llae b slaws 4 4 5L (glislge glailas sl

Yy

(Ol ol O sl Sl e 5 4l s nslie 03
Sl sl el 23l Olss 4 K15 e s ]
O 5 sllas las ks, 65 o sd ke OB (LS
Sl 1B Clin 5 e 3 Sl O 0T 635
4, 5]

e e 5 st 53 slakiped (55 sl o Sl
[8] 0Las 5 555l woman 5 [6, 7] 0L Ken 5 ' sa Jb Lo ss
ay s el Gl 5 iS L slas g b e
Sl S35 2 1 2boibsl 5 [910L s 5755wl
Solialacs gla bl uoan Lsls plosil Jlsbiomil g il
L s slaki e 4 ems &5 sladb s 4500 o3l SO (655
Sldlas ;s 51 [10] @ S &y 350 0538 lie
Ol e S0 sladilge il plsil () s llpln]
G3de oy a4 S 3 S oLl 0L 5 el Ol
el it (1) JSs Gllas [0 (6 5l sislge ot
S8 s ol VL b b sdas Ol b w0l
e O 1L, 12] 55 o sladlee b aslin 53 25LS
5 S 85 amdd el L OBl il Szl
Sl glaibosl 513, 14] 63 S arlos sllzulS 48
S5 Sl B L) 5 B s s 3,5 WO
[15] sls oles iy

Sladiules 4w 53 55 55 sty ol pesdle
Sladsles los I ol b anlous 5 oLl dha 5158 005
s 5 5355 5 0 o) W3 e, S, Lo Ssan s
oSSl A 5 (G cia [16, 17] i glaB L Lol
=20 Gl O 5 Sl ool o 4511 [18, 19]
23 el pleilr (gl Gladilee o ) 3o e 2
O 5 Wi sl O 3l o [20] sl plil o oS
S 05 by 4 fate sbado)lge S | 6l 1 ool
was o SRl sl G A s ) Sty Jeate LSS5 O
[21] K5 5 3 ,ne

! palermo
2 Antoine
% Zhou



\f¢b JLM sf O)LQJJ nY; 0)’3

23 Olyes (gwdige oole alowe

oslial glr o b 5 o dul 3 s S pl s L
(Wl ol esla ol (gl g laclB 5l (gdaan AL
O s 3 5 sdaoids slacl U &S il (5,0
i G U ol & Sl s Bl o 5 e
ol 3 sl sla S sbonl e P— A 6T 3,5 0 )3
S L La0 s pl Sl pd o 00 Sl glalisim
GILLL dats X, b edgs 2 1) il 50l 5 Als &
&i50b Sl b gbise & ol Jlasl s 4 bl s
Joate Lo G b 5l s e K OUT 5 b S S
Jase Sl ok CBa ey ) gl s 5 A8 sl s Ol
22 S gl s o g 3ledde (plply 55 0 Jexd
A sbedas B Gl s addllass ) 5o B LS
So Jlesl 5 (e slaoldl Sl 055 eaie s 4.l
S5l s gl WOl 035 o (sl ol 31 S5 5
5 a3l o3l ool Oloy 5, oWl o sl sk s
Jie hs Al b s aS 1) el S50 3 als ey s
A8 e (lodd Gl (gilwd e Sl (Guas s 4 (daam

doior wse bG5S Sgte 5 5 el el (6l
L sl alesl oo 4l s o e 0S5 4 Jlas!
ssbie 4 iman 35 s 03l Lol Lol CEJ.A JS Ges
e i U Slab LS Lo (130 510 S B
ik e sla s oLl slae S S 1 O i (oo 5
L0l e ol Bl 00 s edd Lde KUK @ S
Dy e 4 S s o L

4@72m

ARz AT o

4@7.2m

Sl S a5 b asd e eolimal ghlge dlas ¥ T
o Dlalme o JLalS 5k 4 g aalllas 550 GG 055
G5 Slaos Sl glman gbadis b 5 LS gl
SO 48 ol ) 5,55, ol Sl eoliid b3 358 e eslicd
G oo b L ecnlply it el SKush b A5 e )
3 Jes e O b pes ) SB X bl 5s eyl A
Gk U ol Gl B Sk Sl s e Sl b
faeme 3 (oo 5 035 Gl Wlas Dob il L ol (7)) IS
CLE ol e e Xl 50l )l IS il slag
g Al gt

s Partition Slab SuperDead sl el 5,05 ;L sla S
S e g P AS Y ) 0N pslie b g 5« Live
A Sle U ot o a Wall L (5 SI1 poman 5 OO
Sl e dlasl O Sl Glass 2 2o 2 (s hS
RS 5 L Jalae Skl o 55 ey ) Slales
L Gildas 5 lacaS 5 b ol yon D sl ) o~k sanass
Pl B s (S ks 5 [25] el (6508 5L anl oy
Ll Olales 0l 55 50 r;Le A5 S romen 395 (aL>_-=3\
Sl 0

Gl diles wis opl gl O otd L3S 5 oo
e o il s 5035 0 e (1K sislge
[26, 3535 0 33050 o)l gUsl et/ Y SN s s
Sloj A GlasbaS 5 Cod O s () e Luaslie (pizmen 27]
iy JES Yy Caalie sl b b asil s

R

e Hgim &1 M 5L Jlos! 03gaxe
Judxi 3590 0l @y A5 gl )b Jlecl cogas
sloif sleggie

Y

@k ailao

C==0 Jomcl

Glrss 4 Gman Jle Las Sl 5 s paspe O Y IS
Fig. 3. Studied plans and 3D to 2D conversion details



ol H3U1eoliule Ylusl

105l 3l 5 JKbIMe (51,50 0 b5 iyl BB (15 >k 5 Jaloo

P B, 8M
=202 > —+-—=1
c c 9 c
r( 1
Pucl = 1 8 f (\>
T14F, .4, T oM,
P ! Y
orf i — T A
03 X 1.14F, .4, T 9M,
o 1
w1 .8¢ )
FoAg T 9M,
Pu u Mu
Le02 > L4t=1q
P, 2P M,
1
|(Pucl = 1 g ™
ZX 1.14F, A, | M,
IP — 1
= ] |Pue2 = 1 Tz ©
N 27X 03 X 114F, A, T M,
o 1
ut — 1 +i (5;)
2X FoA, T M,

Al S Pur 5 $oWed Aol s (S50 Puc o S5 Lals;
5L, et g G Slawslie My 5 By ASL 6 23S
Ot Lla JRJAQ_;A})‘_;)M éLAgLA}UAMC }Pc

J‘_""bLSA r-:lm:) ‘;.Lv USALQSU,:MS)LEU‘ JJ_}AJiJLEAFye }Fcre
s Sy caslis LialS 5 [32] AISC 34122 3llas

sl s B .b.b))bjc.b.: w;

Gravity Loads

H;&H;HNHNI

& \

NN

JSa e s les slacls z3 b b 0 s
Fig. 5. Capacity-limited design of crescent-shaped braced frames

4@72m

—=—3 @ 3.6 m—=—

LY L

s SOl 5l L ¥ s
Fig. 4. Elevation view of studied frames

slos) (b Y

S ki (Gl i S lo3 ) b T8
b s Sl S 5l e sl sl 6y IS
a1 Ko dusles slaasla s laduylgs 8 ool 51 [28] sl e
Sladad 534S il (555,80 S o Jos Slojle slajsd Olse
Ladladl plo iy o 255 b b b o iy 4 0Ll ol &8
s [29] asiley U SV b s dady s s b el
5 A0, IS ey len s il Szodly olia o8 ol ol Lo
SNl U5 Aty Gy 4y st 5 Lo 53 oslie ol L3
s5b0les [30] 55 plol Lokl Lo 5 [ (e 03 (S5 5
35 i lge 4S5 L0l 5l o sd e edalin 0) K5 5 &S
S 8 53, e A s oo s
2 aS Sl g e d)ly gl 6@\@&{)?&}
v_.»)_@l{u':;s)x\); Lol Gl 93 o ool b sl
dule (6l A8 e sbml A jlee (Slmsl S e pa 1y 25 o mi
el 53 T B e R e e e
33 35 3 Sy 5mh S b s S1 31] AISC 360-22
bl Sl i /Y S OT (5 pme (S5, b b 4 oyl
53 35 e 03Ul (P B F) Ll 5l Soyse ol b 5 s (PG
oS A boge s bbb LB s (a3 b b
5 olib  aleas Gl LOT 3 badylgs (%) S5 olles
Y 2S5 (sba o o Al blek e X (sl

5 Puct o ol sladiyslen dul (55,5 oS s (A
Ll L oo Pup il 23S sladiles Ayl (65,0
IETOrS:

5Puca —n o3 Gl lee dl (6,8 S e (o
Sl L oo Pup il 23S sladisles Aol (65,0

Lgd S S



\f¢6 JLM sf O)LQJJ nY; G)’é

U030 Ol s (qwdige oole alowe

sPDelta ¢ 5 51 Sae Ogiw 5 55 5 ol Ot 5 505 slaoladl
4S 345 o obsl Corotational g5 3 swle slaoldl ¢l
AU A s a3 e UT (g3ladie 53 &5 o 5L sl
o S el Sopge pl 4 g e o ik S cls
NSo o Lt 5 La s bl s 5o wdly glao S5
X bl Ol s 5 ol Ol ool o S Ol geas Db
ol i s Slab O Jlasl laaadir e 55 Lo S Lo
IS U 553 s 550 €qualDOF | g 5l eslinal U Lol o S
Al asls gasly Jlasl O a4k
OpenSees > sddplol slagibadte oo slael ¢l
33 a5 Lassla ol Ol 5 a8 S, 50 Jls e o
Slacsls Ol & das oo 0L gl 1355 o glin 133l 5
s Al L Aoy gy Sl eSS b Ul e
Lo 5l OpenSees 5> ssde st & Jie oods bl
Sllsles S5 45 OLLSKan 5 ol 2 DLl
a8 0 g [36] ol ok bl (1) Y Gyl S8 5 s
Solialas IS0 cou 1 anlas 5550 B ool 355 0
b [B7] o3V 5 slaoslw (10851 IS5 5 el a8
gl 1 Lol OLSGe i 5 0 1 ed 5 0303 13 e 0
Seloalad o 51 ool o ged b ls ged cpl anglie 05 S
5 S8 (sl 0 ds L1 (P) IS 5 45 OpenSees ;s b Olea
kS = 5l 5 Clee s e OLE 1 el (L)
AT Jus (gl cas o 0L | sddcls (65 51 45 O
Ja55 kS YOOV ol o (gode Jds 6l 5 Js5skS YEVYE Ll

EP LTS WS IR R, LR W ey

—— Numerical

—— Experimental

1000

500

Base Shear (kN)
)

-500

-1000

-80 -60 -40 -20 0 20 40 60
Displacement (mm)

Jml.{:._iuﬂ i b gos (ledite ool gas £ Jss
Fig. 6. Verification of nonlinear numerical modeling with
experimental test

YO

b g5lede -f
<52 ETABS i3s3 s (g5ledde 4 bg o SO
Sl = s olwde sk 4 5 el Sl ST gla L6
(s 5 o A0S e sl 3 esle il 55 5 [33] OpenSees
S sl S (slap o (LGSl ¢ 5 daoldl dae S ez
SLag S,k 5 ablis sla S5 @llas Dlasiin (A8
ASNAM Ly 55 e 355 ETABS Sl it 5bay 5
5L el OpenSees 5 Jlos (golal slad Sl
g3 Plas L nl 650 5l edicdy o8 ablis 555 00 (s
S s G (S5 e oS A0l s, B Steel02

sy Blod syl slaoldl s s

S sl eslanl L OpenSees s JLeie VL2 (g5led e
b ol oS sl (Shhgs e L ZeroLength I, 55 3
g0 Jlaml S 5005 5 Shasler g (puiin OIS e 53 L
dlasl 4 3L 5 ool 225 15 D50 @ il )lge 5o LS
8l dsb 05 Sl gl [34] wil o s 28 Sdas
Slager Ll sl b o ol et 51 gl i ol
g S s Lo s

OLadl 510 siw 5 0 oyl slaoladl g3lwdde ¢l
$SJ1%s! bl sluws L Displacement-Based BeamColumn
NS S ol esdhe DLl Ol 3 5 e eslinad ¥ 4l
5 OLaIl ol eV sm 3 e 5L 15 ol o 4y (6 208 o] Saa
ods 55 P =8 LUT IS S GlaasS w bl s 0 03
i 3 a0l Olsany (St slad s 55
S 3 Y Jls (6 5 e L ElasticBeamColumn
il 8IS Jeate (sla 5 oS Il s e STl oS et
Az 5L (o ee e LTIUSS 56 5l ol o3l 4 Ll s
ol ( (oo sla i 5 st Jlall daln oo 53 izman
Sl 5ol o onls Sl 3 oS Sl o b ZeroLength
G das Je 534S LS00 sbakilas plu 5l U slas
Lol Jlasl aadir o 8 0 Slads 51K 315 s cLleds
[35] 5 00 0y S

l,—OpenSees 5 —wds OIS 4 b o Ol ks



G0l 3Ll w3l3ule Olus|

w5l b))l g S INa 1Ko oabis i slee Slaol (b ,b (b 5 Julos

= 2slS O3 T 5 sl de o sl Ol Ty (sl
sl o351 (V) a5 L o ol 51 ol = o
35S o ) o Ol Jald ealizals pe slaanbid .o
Sl sad oxeas L20S3 anliss i gol 55k 4 .l Slib sl
el iy S Sy 5 L/20 o S e 5l s L
e il Lo pd e sdaliiie Jgd opl 55 4 5boles
3 s Blae a0l ons ualie dadijlen 38 o 5 s >
S L glaeslw 5o ol 5 b Blae slacdy s 5 oles

S e iy il 5l OlSS Slab

levmx ¢1x (V)
C — = - =
A
0 _ ¢, Ymax (L) max(Ty , Tr)? W
veff — 70 W \4q2 LeoF

Bt Sl b ko —F
WSl sbes ame b (Saals o 2 o ol )
[24] FEMA Lw 5 slgmin 58 o5 cslolid cim
o=l sl e dol b ool o salizad (Y) Joi b e
il sl [25] LSl Sk aslippml ulal s L, 585
O 53 Ao Y Of csd8l b Jlaasl &8 (A) K3 pollas s0a
53 aals g3l plde ) sleslanl Ly 5 edd by o Jla
A L blae cogls Oloy 5 /YT eSS sl Ol 03 5dos
St gl ghite el 2,8 e sl YT 6 il g2 s
i U 55 0 oy /8 43 w5 1/ s4e 4 DBE il
Aol Cws o MCE i Ol o n de L bl b
033l Al ca god lmesl 51 S Gl e
2 Sl sl e a2 58 ale (S5l bk
s Pl i o Gl g 4 a5 L C0kS cir
03 gd e 53 s, e cib Ly Ll (gl o)ls 6585 -
o ok 4 S i 5Ske WOT Sl 5 arulons 0l s
b Sl b SKile ab Ol (Sales sl 450 ol
el e b 2530 el i 5e 03k 53 il
Al e s 4 USG5 Al elie s o
3 A3 VO (Sl (il i L D (2l Sl e
osliul pgs 5 ol sl 4 Lss o Slgs aeb sla S 3

Y$

Base shear/Weight

Vina/W— —: ____________ _:
O A ——— T
i
I
| b
| I
: : l
Gk —{—_______fr_ _______ JI
l !
1 H -
D D, - Drift
yoeff

05300 o 51 ol (sl sl il 5 Jhg o VK3
Fig. 7. Pushover curve and related parameters
09,k Jdos -0
g o S s S Olseas 05800 e
SV 5 SVl e 03 osle b B sl sk
S IS 5 Caeslie Lol ol el of RIS
S 5l 0L e el a5 s [38] Al e
e Gl S [24] FEMA el sws 3ol i sl L
oy SLasl lm 5 V00 L il es o Lol sl a8 355 0
Sl g a4 S slasl danl s s Lld YO L
Jels b ol 5 6 BT 0T 5 e 5 Lsi e Jlasl o3l @
o 3 U st andlhsa S ol b s IS8 ks 5 ag,s
bl s s SOkl S son sl bl s
Il e L o ol 53 s e ol 4 OGS
$lm Bines iy ol pl ol 028 a 515 s Ol
mbize a2l il L S sl 5 18 e glae L
Qo F o Mypyy oy a5 0l iy o5 03w Jsl i b
Sdib e akb a dol e iy 5 akb a0 My &S 540
Shr sla S5 68 ol 23Y s g Jebond plowil 51 ey e55 0!
JS5 oS Gl S 4 Lol ladle 5l ey 5 A8 7 sl 65l
Wy ot aib a0 b Al Ll S ab e
2,8 S S LS
oo 4 OlF e (V) JSKG Gllae o cpl gla s 2
b Bl B S cad 51 aS Q) cuslie BLS
SR S o 2 men 5 358 o amloes (b Bl
o Sl OLSG s ol S () sl Oleg 4 4zl
s gl Fael (A5 V) Ly plal  J5e 0l O 085
Gs W ol oo SIoe Vay Jailsy cpl 53 [24] 5 5 o)L



\f¢b dLAJ sf O)LQJJ nY; 0)’3

23 Olyes (gwdige oole alowe

Al laddes SO e gl slabbog)s ed St o i
Yl sleibo s glacdy ;s SSke pslie gl s 00
Olib sl b slasslo 53 oy s pslie (A) S Silas .ol
ik sl ol 5o Lal s jlms d 51 2aS Sen # 5T
Sl s Sl olib cdy o adb 1Y 54 Gladpas 5l
Sy oy oS Cod a8l SOb ame pl ol by 518
ol 5 3 e Lok cpl (HLb 6l edian S K
e 5 LaOLal slal il & e ol ol S Iy oalS

s oSl T3 SRAS i 55 5 o3l S

Al S OT e e 5le Glas olS a3 S ol
oLl 355 g0 550 5l 48 LS sl e o 8 o
e Sz 40 D55 o ool S e S s e
w53 5m Kl or 55 By D0 i iz 135 0Ll 4ib
SSRIP
Sl s Blomy 5 (oo S350 Slad s 23lie (1) S
Slib 53 Ladl Kl olie of es @ 1y 0l w2 slaolee
VAMCE b sl 5o il glaa, S5 ll 4 slesle il
.,l_.;jjs Bl ol s i basa gl sy ool

S\ Sloms = [25] 1SS el (S0L 4ol b s 3lo ol

0550k s dos 5l Lol s N Jods
Table. 1 The results of pushover analyses

ID Vmaxd W Cs &, (mm) &, (mm) D, Dy Qo HT
L20S3 0.347  0.167 59.33 310.16 0.005 0.029 2.08 5.23
L15S3 0.383 0.167 7141 318.03 0.007 0.029 230 4.45
L10S3 0.586 0.167 104.08 42431 0.010 0.039 351 4.08
L8S3 0.509 0.167 121.59 534.43 0.011 0.049 3.05 4.40
L6S3 0.547 0.167 140.66 826.68 0.013 0.077 3.28 5.88
L20S6 0.255 0.146 101.11 509.24 0.005 0.024 1.74 5.04
L15S6 0.282 0.146  133.07 579.11 0.006 0.027 1.93 4.35
L10S6 0.420 0.146  187.14 89229 0.009 0.041 2.88 4.77
L8S6 0.487 0.146 22249 1089.32 0.010 0.050 3.33 4.90
L6S6 0,571 0.146 28152 174235 0.013 0.081 391 6.19
L20S9 0.188 0.108 151.15 568.11 0.005 0.018 1.74 3.76
L15S9 0.224 0.108 191.71 673.99 0.006 0.021 2.08 3.52
L10S9 0.302 0.108  265.59 1018.04 0.008 0.031 2.81 3.83
L8S9 0.355 0.108 310.85 1398.11 0.010 0.043 3.30 4.50
L6S9 0.363 0.108 356.88 1755.26 0.011 0.054 3.36 4.92
L20S12 0.138 0.087  209.22 608.84 0.005 0.014 159 291
L15S12 0.192 0.087  269.66 845.95 0.006 0.020 220 3.14
L10S12  0.257 0.087 331.01 1109.81 0.008 0.026 2.96 3.35
L8S12 0.275 0.087 417.28 1306.87 0.010 0.030 3.14 3.13
L6S12 0.338 0.087 526.63 212133 0.012 0.049 3.89 4.04
Sl amse )b o gl ol gbesloks i Y Jgde
T omeR e s Table. 2 Summary of selected records
= 20 Event name Station
= Superstition Hills, USA Poe Road
g 150 Loma Prieta, USA Capitola
E Landers, USA Coolwater
Lf 1.0| Landers, USA Yermo Fire Station
3 Northridge, USA Beverly Hills
@ 0.5 Northridge, USA Canyon Country
Kobe, Japan Nishi-Akashi
0.0, i 3 3 3 5 Kobe, Japan Shin-Osaka
Period (s) Kocaeli, Turkey Duzce
. . . . . Manjil, Iran Abbar
izl 2 pn slass 8y b g s b A JS Hector Mine, USA Hector

Fig. 8. Target and acceleration response spectra of selected

records
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Fig. 9. Values of transient and residual drift ratios for studied archetypes for 0.9MCE intensity level
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Fig. 10. Distribution of various types of seismic energy for ground motion Kocaeli, Turkey
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Fig. 11. Distribution of hysteretic energy (E;) for ground motion Kocaeli, Turkey
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Fig. 12 Distribution of damping energy (Eg) for ground motion Kocaeli, Turkey
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Fig. 13. Statistical values of energy demand parameters for all studied archetypes (in kN.m)

Max hysteretic energy Max hysteretic energy Max hysteretic energy Max damping energy Max damping energy Max damping energy
ID for Columns (kN.m) for Beams (kN.m) for Braces (kN.m) for Columns (kN.m) for Beams (kN.m) for Braces (kN.m)
min max mean std.dev.i min max mean std.dev.i min max mean std.dev.i min max mean std.dev.i min max mean std.dev.i min max  mean std.dev.
L20S3! 4 96 19 24 1 181 46 55 | 522 2690 1622 707 5 41 12 8 7 41 14 7 98 413 1% 71
L15S3| 4 31 10 9 5 125 24 37 | 430 3200 1568 783 5 46 13 9 6 43 15 8 112 535 228 95
L10S3} 3 30 7 7 3 55 1 17 | 215 3715 1550 1160; 6 53 15 10 9 48 18 9 165 835 360 153
L8S3 4 20 6 4 7 28 3 10 | 470 3720 1901 992 7 75 18 15 9 49 18 9 203 | 1027 417 178
L6S3 4 41 9 8 2 44 4 12 1 168 [ 7965 2261 16211 6 98 24 24 10 52 20 11 1 239 [ 1258 519 251
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L1586 12 66 26 13 4 447 132 141 ; 634 8919 5188 2217, 13 132 56 31 14 102 49 23 | 190 1330 686 283
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L8S6 |1 14 143 28 26 2 145 5 53 83 14396 5815 37881 21 324 99 7 16 124 57 28 1 396 2267 1200 512
L6S6 | 14 94 30 18 5 4 5 6 53 [14974 5751 4109! 13 259 68 58 13 118 53 25 | 380 | 2782 1400 604
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L10S9! 48 418 180 120 6 355 35 130 | 1824 15544 8470 44451 36 258 110 63 36 142 85 37 | 885 2677 1654 566
L8S9 | 40 139 70 31 1 70 6 50 | 1660 (852000 9738 8575| 33 354 118 94 39 146 82 39 | 1069 3646 2016 826
L6S9 ; 32 138 63 31 3 5 4 8 831 19063 7473 5866, 29 312 102 78 36 112 65 25 | 1260 3473 2048 674
L20S12! 70 1398 616 455 2 1084 467 474 1 2001 23556 11125 6335! 41 587 224 150 | 50 614 261 158 | 844 4619 1980 1119
L15S12} 81 530 165 98 3 1235 229 355 | 1921 38251 12647 8119 | 36 638 168 143 | 35 512 154 109 | 915 [ 6328 2107 1257
L10S12; 82 636 159 135 6 826 134 357 | 1575 [42095 15751 12774, 35 453 182 131 | 43 321 120 71 | 1230 | 5760 2665 1192
L8S12, 114 258 166 38 4 1046 227 332 , 727 18092 9924 5087, 28 303 131 84 49 195 128 41 , 1306 3962 2738 748
L6S12:1 75 264 135 59 5 1 7 17 1 183 19137 9174 5980 : 41 419 181 124 1 32 127 86 27 11442 | 4654 3385 1008
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Fig.14. Statistical values of hysteretic and damping energy for all studied archetypes (in kN.m)
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