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Foundation Dimensions (mm) Wall Dimensions (mm)

Thickness Total hight  Hight in length  Thickness Length Hight
Side Middel Side
500 2300 (900) (500) (900) 150 1000 2000
500 400 500
Table 1. Geometrical specifications of both walls and
foundation

5 dbas bl Glapls 5 cotle e s b e Sl
Sl p S Sl 0l 03,51 (24) e > oS sb o bl
Slasin 3l (g e ol 51 e i Ol slaws Cule
};j\)tﬁwgﬁrst;,da;\dmﬁp.;};y <1l eyl g
Foa S dol s made A RS 4 GlSE o i
5, 80e 53 SWED Jlgs 55 ol ol LS5 e duadOr
Sl i &S Ll allS S 4 (65 5 seS Sgrs
L osls iy (St gl b e des¥ e s Ik 4 Ll
23 Ll edoras g 4 SLBL L6855 05 B
e BT LIS a5 22555 ax Ols leylseS S >
o 03 el s el s s s T JB ab iy
a5l ols 538 5 Kledd w138 g 4 03U
a:\z)).,o)(@l &)ﬂ&\‘/\/#@é\@)v JE azas
sslizal oiils S5l S50 el Gl @SB SO 5 eds
Ol Olge @ Sl §55 0 ssme Gk Sl JIS Al
oS Sl s bl 5 o S LS 5 5 B L
ool el 51 5 e A sl e e VA
53 sbae Sud ak 5 gl oS a8y 5 2,
Sl o) 558 e 4z 55 5 eals &) olms amy 5wl
el S S P sk s pd e el LSl Gl
las S 5l oslinad b il () (L2315 o3 o O
Sy yin ha 00 dols 4 lacsals 5 B 0 liS ) sams
OLEs (V) JSC5 53 5l 53 8 sl (S48 ) seamms a-U 53

SWED i35 55 5 same 4 glis)l Jsb ol sl esls

153

3 ronole LA esls B Sles Glae)lS s sl
oWl Olse a4 o3V i 31 YA b s [19] 0l Kan
5 S eslital 3l s g B S (550 sdeS Shgieme
SKeas b cLu.n oo oles SCOYOIA Jle 55 [20] O Kes
Do el oS sl slgld (e 238) 6 3
Ui 5 5 Jam LU sl el s Gl 425 53 s
5SS NS S5k s O o O sy 5 05
OB el O (gl el Yol s [21] s
S o 1SS e e i Ul il s ey
(s sLSHL els Ol e sl wll (gleylseS
oS i S WS el sla s pdy Ol (glaad S
Globlesl ol i g By s s ede
ol J S b (sloyl 568 S 1 (shls ol s s o
S LS 53,8 sla oVl da os Ll 5 s L OT sl
5 g o ol T gl ) 3 Shas s 61y ol i
S LSS e b e YO Jle s [22] K3
SO i S sl akb 5 Gl 5o 2V ol
sty o byl slaad S 5 sty lacaul 5 Lley
Vo@aVss dlal 5 G5l oolgin oV dulee 0l
S8 is IS sl 1558 5 sl 5o 5 QBLL S JSa

By ekt SIS G (B ol Sl Loy

155 5 ghos o o2 S0l g20 ARELST s =T
S35 atle Gy e 1 (B Ul A dlie a3
Sz slas Ko ghols Sl Sl Ll S5 5 s 5 50
ACK Ly ol SWED g last| o6 b 5 (5351 oS
Jp3 Olgs 4 aglie ool sl 5 1 b [23]1TG-5.2-09
SWEDN (¢ Ll ol pys Sl sl et Dbl o 5o
OF il 4355 53 8 ool sl 5lms Olen 315 3 o8 o
SV g e IS 6l eV s
Mlow 5, 4 LS SWEDN Jlps b, ) om0l
ottt ob b sl ol s il st 2 (530
las Kl 16 oS li ol b ol Il 155 ale SWRS

hgbyjﬁﬁ.li u,é_i)x.?).\,é.&jajl}abﬁ ngj\ omgﬁ@w



el Jrale 5 (6o 5als dangd

e I3 LS 5S o s 0 2 s (g3 ) S 5 el U S

oo, bS5 os wl A L OF oy b 4y w3405 Jluas!
Gos 53 pbaghsm sbal b AS o oo sl8aSS G e O
OF GlassbS 6 oy oy 4l 53 oy whaile (5315 5 b
SHgial o155 0l 03 530 Bos O el LB S 2o iy
S o gy 555 e B3 050 el (e (55
5ok Of eds L2 Tl o Sl 0,8 e S8 aiS
Wyl (olid gu,0 Cod bl il (S 5pd By b
Golid o bl s beiS o 5 O s slacKss
Ll L oy g guae (LIS Cod bWl oSl
5035 s Saad S edd s 1 gl el Kl
sl Vol as Wil 08 w0 Of iis s b s G b
S S 65 SOl L 5 eais i sl S o5 ~
0 kel U S G okt Cimd 5 Gl ablie b

550 a3 s gl il L Jles! pl0n 5

SWRS 5 SWED (s ) 55 lasuia \ K&

Rewvercrable Reverceable
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Prestressing
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Confined
Concrete
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Steel Bars —‘ F ~ | Steel Device
| Foundation ‘ | Foundation
“ee_End Anchors__.—

Reference Wall ‘Wall with Replaceable Device

Fig. 1. General view of the SWED and SWRS walls
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Foundation Wall
SWRS , SWED SWRS SWED
E. fe E. fe
E.(MPa)  f(MPa)  \jp)  (MPa)  (MPa)  (MPa)
28284 32 26925 29 26457 28

Table 2. Concrete properties for walls and foundation
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1- Pipe

2- Disc

3- Strap

4- Stiffener
5- Fuse sheet
6- Upper Plate

Fig. 2. The Replaceable steel member casted at structural
laboratory of TMU
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Specifications Pipe Disc Fuse sheet Stiffeners
YieldStrength 400 55 36047 269.47 265.73
(MPa) ) ) ) )
Yield Strain (%)  0.002 0.00147  0.00147 0.0015
Elastic Modulus
(MPa) 201.61 202.63 202.63 202.38
Ultimate Strength
(MPa) 513.9 45493 454.93 371.13
Ultimate Strain (%) 0.3 0.467 0.467 0.633
Thickness (mm) 11 10 10 15

Table 3. Specifications of Replacement Steel Element
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o Stc?el Bars Yield State‘ Elastic _Ultimate Sta.te Collapse Sta.te Eccentricity Unbonded

Characteristics Diameter  Stress Strain Modulus Stress Strain Stress Strain (mm) Length

(mm) (MPa) (%) (MPa) (MPa) (%) (MPa) (%) (mm)
Horizontal, Vertical. & 8 383 0.0019 201579 597 0183 562 023 - -

Confined Portions
Energy Dissipated Bars 14 495 0.0025 198000 609.5 0.196 502 0.234 95 200

Foundation Steel | Longitudinal 18 493 0.0025 197200 655 0224 587 0.259 - -
Bars Transvers 10 245 0.0012 204166 382 0.183 351 0.231 - -
Prestressing Cables 12.7 1819  0.0089 199436 - - - - 190 -

Table 4. Mechanical properties of all reinforcement steel and prestressing cables
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Variable type Variable’s amount
Dilation angle (Degree) 25 30 45
Yield Surface (k.) 0.5 0.667 1.0
fepifc 1.0 1.16 127
Eccentricity 0 0.10 0.3

Table 5. Selected variables from reference 27
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Fig. 3. Finite element models of SWED, SWEDN and SWRS
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Abstract

Investigations carried out on the effects of earthquakes on various structures located in seismic prone areas and achieving
significant progress in various relevant fields of earthquake engineering have led to a reduction in the risk and
vulnerability of structures. The use of passive control systems to enhance the safety of structures and their attachments
against earthquake-induced damages has gained attention in recent years. In conventional earthquake resistant structures,
yielding of steel is often used in combination with other materials to dissipate energy. The cyclic response of these systems
in the ideal state is in the form of complete loops, which will have significant permanent deformation and relative
displacement. The existence of these permanent deformation and relative displacement leads to one of the two decisions
of destruction and complete reconstruction or improvement by spending a lot of money and sometimes more than the cost
of reconstruction. It is worthy to note that the recent approaches indicate that the performance level of life safety is not
sufficient and the seismic design of the structures should be in such a way that the structure is not significantly damaged
in severe earthquakes. One of the recent approach is to use special mechanism that provides the opportunity to reduce the
damage caused to structural members. Such mechanism controls the cost for replacement and/or repair. On the other
hand, new seismic systems called "self-centering systems" have been developed that create a flag-shaped capacity curve
by using prestressing forces and creating a joint in the structural elements. The most important feature of the self-centering
system is to minimize damage to the main structural elements and eliminating residual deformations.

Combining these two approaches, we can employ it as a passive control systems in the form of an energy dissipating
device within the self-centering reinforced concrete shear walls. In self-centering reinforced concrete shear walls, the
concrete at the lower corners of the walls are susceptible to damage and crushing due to concentrated compressive forces
in those areas. Consequently, passive control elements are used to eliminate this damage and to make these areas more
ductile, replacing the concrete. Therefore, to add self-centering capability to reinforced concrete shear walls, pre-
tensioned cables are used as a restoring force that enables rocking movement. The significant and important thing about
these walls is that after the application of lateral load and the occurrence of rocking movement, the concrete at the toe and
heel of the wall will be damaged even providing confinement reinforcement. In this article, three self-centering reinforced
concrete shear walls have been studied. One of the walls is considered as a reference sample (SWED), while the other
two similar walls, one with tow replaceable devices without energy dissipating bars (SWRS) and the other without toe
and heel (SWEDN), are analysed to compare the results using numerical analysis. The replaceable steel device is installed
as a passive control system to dissipate energy in the wall's foot and heel regions. In addition to the ability to provide the
strength of the removed concrete in the heel and toe of the wall, the replaceable device must also have the capacity to
dissipate energy and be easily accessible and replaceable in case of damage. The results show that the wall with a
replaceable member displays enhanced capacity, ductility, and energy dissipation in comparison to the wall without a
replaceable member.

Keywords: Damage, seismic behavior, self-centering, replaceable steel member, nonlinear, numerical
analysis.
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