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ABSTRACT

Regular structural systems have been designed based on supplying
sufficient ductility in seismic events, which lead to considerable
permanent deformation after major earthquakes. Buildings with Large
permanent deformation usually are unusable or require extensive
repairing. Therefore, low damage structural systems are recently focused.
The present study aimed at introducing a new self-centering structural
system having frictional sliding in their braces. It is compared with
common dual steel moment frames. In the proposed system, post-tensioned
cable is used in beam to column connections to provide self-centering. The
frictional sliding connections in the braces are utilized as well, to provide
energy dissipation capability for the system. Connections are modeled in
OpenSees software and validated using previous experimental results.
Incremental dynamic analyses are carried out on some frame models
under some real earthquake records. Their fragility curves are achieved
for different performance levels and compared with those of regular dual
systems. The results indicate that supplying post-tensioned cables and
frictional sliding connections in dual moment frames, reduces the inter
story drift, permanent relative displacement and vulnerability of the
frames. Therefore, construction of such system for new buildings is
recommended, regarding its high performance in earthquakes and
repairability after intensive seismic events.
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Earthquake ID
NEHRP .
Record type  PGA(9g) Station Name
CLASS M Year Name NO.
Far-field 0.48 D Canyon Country-WLC 6.7 1994 Northridge R1
Far-field 0.82 D Bolu 7.1 1999 Duzce, Turkey R2
Far-field 0.35 D Delta 6.5 1979 Imperial Valley R3
Far-field 0.45 D Poe Road (temp) 6.5 1987 Superstition Hills R4
Far-field 0.44 D CHY101 7.6 1999 Chi-Chi, Taiwan R5
Near-field 0.42 D Parachute Test Site 6.5 1987 | Superstition Hills-02 R6
Near-field 0.82 D TCUO065 7.6 1999 Chi-Chi, Taiwan R7
Near-field 0.52 D Duzce 7.1 1999 Duzce, Turkey R8
Near-field 0.28 D Chihuahua 6.5 1979 Imperial Valley-06 R9
Near-field 0.42 D Northridge - Saticoy 6.7 1994 Northridge-01 R10
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\[-A - IYEY Superstition Hills-02 R6
< IZAD IR AR Chi-Chi, Taiwan R7
< IVAY AR Duzce, Turkey R8

Y <IVYY Imperial Valley-06 R9
AAR <YV Northridge-01 R10
25
gy ° 7 .
s
a mola i
g 1 é Bl i
L
o M W W
5 R6 R7 R8 RS

R1 R2 R3 R4 R

RI10

PGA=Yg wadls 5o Cligo 5o )Bwile gy 3o pov 35l (g o Y JSC&

A G PO amio AP+ ) Jlu ¥ 0 lods A 099 il g 6w (wihigo (g 3 — (ol &) pid



Ol 0l Gwiigo (ol Jhinlealo

; ..s & ‘Su . . W):’._“

5 Sl el iy o solizul) Sl ¥ g ) 60, Shes o (eSlh sla e [YY] ASCE 41-05 Joall gy ubo

Ok 55 $39)9 Olpie 4 g Wgd oo ) Al (o) iz 5o )0 DS Sl e sl b s (nl S (o0 @5 (B9
& solaul (g0 Sloe mhans (gl [YY] ASCE 41-05 ol (ol s ax 55 b s j0 pon Sl ol aigs o )1y (slojle & las aulos
slols sl yiall sly ! aje SO Wl (SauSs soue adgi glp awl OF (555958 9 YIOL gl gresl oo/ V. aady
olie (39,51 Gy gy Jloy 0,8 s 5l Gedos cnl 5o a5 )5 0 sl se Caws 4y (b3 e Gladlow I a5 pwaige
¥ ol el Gl g alfge G Sauuss gla g VF g VY S el 00l soliiu] (68 S mhaws o 5l c235T 8 Lo
& (IM) (e &8 > Sals 8ausS aseine (88l jeme b JSo (] )0 a5 aas oo i (33,9,8 9 Sl sl addy o (60 Sles
adboe PGA Lolis 51 G o 5l cddsTd Jloas! B jemxe g conl ool aid § las o (PGA) ey il diiing Gudos
CanSlls  gimtin s b oo Gl asiine maw SOl ol ol clidSS sl PGA inl58l L 0sds oo adamde S a5sSilen
Sy ey il il 8l G o S sl SS PGA iy polie jo 5 yiien PGA S polie o addy o 60,5les S o
S5 535958 (69,5 ee CIl izmen 5 Sl cel (60,5lee Gl 0 S Sovie ol 9wl oo ;i PGA 5l yiolas
el slayg, Jloixl a5 598 oo oanlice 00l e 5 o Somie 4 4> g5 b all oo adBy o 60 ,Sles Il 5l 5 wdbe i g @
Loslealjly jo g aligs QBB jo ) g +/F Y Sl isS sla PGA L slodljl; jo i i (3359,8 9 (Sl (sl cadBy (o (50,5ee
Sl g0 ,Slae DY 5l cids s izl polie 8 9 F Jolos o ol 52l L_,).o., (el B o VE g A Yl S sl PGA

s 0 o.))5" uol.> uls 9 ddlfjo

A G 7D amio A F+) Jlu ¥ 0 5lois A 0,90 il g 0l (owihigo (g 39 — (Sols &) pid



O 0 3lw (qwiigo ot

Jbeleolo

69 Skos C.Ia.w w0 aAlFge b Cunsll Jlis! polio :f Jouo

Argp S sl Ay o0 Slee PGA (g)
0 0 0 0
6.46E-20  3.65E-15  5.09E-06 0.1
5.72E-13  3.50E-09  0.007013 0.2
117E-09 185E-06  0.094757 0.3
1.22E-07 7.16E-05  0.308562 0.4
2.87E-06  0.000782  0.551707 0.5
2.87E-05 0.004149  0.740422 0.6
0.000166  0.013991  0.859883 0.7
0.000655  0.034798  0.927405 0.8
0.001971  0.06988 0.963211 0.9
0.004847  0.120103 0.98154 1
001021  0.183771  0.990756 11
0.019045  0.25736 0.995357 12
0.032242  0.336543  0.997653 13
0.050456  0.417089  0.998803 14
0.074025  0.495432  0.999384 15
0.102939  0.568937  0.999679 16
0.136864  0.635916  0.999831 17
0.175204  0.695504 0.99991 18
0.217175  0.747486  0.999952 1.9
0.261886  0.792099  0.999974 2
0.308413  0.829876  0.999985 2.1
0.35586  0.861506  0.999992 2.2
0403399  0.887743  0.999995 2.3
0.450306  0.909338  0.999997 2.4
0.495969  0.926997  0.999999 25
0.539898  0.941359  0.999999 2.6
058172  0.952987  0.999999 2.7
062117  0.962368 1 2.8
0.658079  0.969912 1 2.9
0.69236  0.975965 1 3

AD G 7D amio AF o) Jlw ¥ 0 jlois A 0598 ccd b g 0 jlu (witign i g 3 — (ol 49y



G191 0 3w (gwiigo oo sioleolo

Probability of Exceedence
o
(8]

PGA (9)

.&lfs.b k] ;..;....S...; 6&@&3& Y JS-.Z:

0.9
0.8
0.7
0.6
0.5
0.4
0.3

Probability of Exceedence

0.2
0.1

PGA (9)

uobu‘)!l.a)‘buls‘;w VR LIPE SV g LW

¥a A G 7D amio A F+) Jlu ¥ 0 5lois A 0,90 il g 0l (owihigo (g 39 — (Sols &) pid



G191 0 3w (gwiigo oo sioleolo

(89 5o ghan dw 33 (Pl SYLAST b OB Cunsd Jlaso ! yolie 18 Jgoxr

OPr9A S sl Ay o oSl PGA(Q)

0 0 0 0
3.16E-38 1.51E-25 1.05E-07 0.1
6.55E-25 1.32E-15 0.001079 0.2
1.67E-18 5.28E-11 0.033949 0.3
1.41E-14 2.80E-08 0.172439 0.4
6.97E-12 1.79E-06 0.396995 0.5
6.56E-10 3.39E-05 0.616873 0.6
2.13E-08 0.000298 0.779174 0.7
3.30E-07 0.001556 0.880678 0.8
3.02E-06 0.005608 0.938113 0.9
1.86E-05 0.015397 0.968686 1
8.40E-05 0.034424 0.98437 11
0.000299 0.065684 0.992245 1.2
0.00088 0.110679 0.996155 13
0.002211 0.168952 0.998088 1.4
0.00488 0.238242 0.999044 15
0.009668 0.315071 0.999519 1.6
0.017489 0.395481 0.999756 1.7
0.029283 0.475691 0.999875 1.8
0.045898 0.55254 0.999935 1.9
0.067967 0.623707 0.999966 2
0.095824 0.687735 0.999982 2.1
0.129458 0.743942 0.999991 2.2
0.168513 0.792254 0.999995 2.3
0.212335 0.833035 0.999997 2.4
0.260036 0.866928 0.999998 2.5
0.31058 0.894721 0.999999 2.6
0.362866 0.917246 1 2.7
0.415811 0.935321 1 2.8
0.468402 0.949699 1 2.9
0.51975 0.961049 1 3
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