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ABSTRACT

In this study, a novel friction damper with dual slip forces is proposed for
the control of structural displacement and drift. The seismic performance
of the damper is investigated through both experimental and numerical
modeling. The proposed friction damper features several notable
characteristics, including easy installation and deployment, a simple
vibration control mechanism, optimized weight, and resistance to buckling
and distortion. Additionally, it exhibits varying seismic performance based
on the pre-tensioning force of the bolts, leading to adjustable slip force
and performance levels. To evaluate the hysteresis behavior of the
proposed damper, experimental modeling was conducted, and a numerical
model of the damper was created and assessed using the OpenSees
software. For assessing the damper’s effectiveness in controlling
structural vibrations, two buildings (4-story and 8-story) were analyzed
under three different conditions: without any control system, with a
bracing system, and with the proposed friction damper, subjected to
seismic loading from five major earthquakes. The results demonstrated
that equipping the structure with the proposed damper significantly
reduced both displacement and drift compared to the conditions without a
control system and with bracing. Based on the findings, the proposed
damper showed acceptable performance in controlling structural
displacement and drift. Given its variable performance levels, it can be
considered a suitable tool for displacement and drift control in structures.

ARTICLE INFO

Receive Date: 16 July 2024
Revise Date: 11 September 2024
Accept Date: 28 November 2024

All rights reserved to Iranian Society of Structural Engineering.

Keywords:

Dynamic Analysis
Passive Control
Seismic Response
Drift Control

Novel Friction damper
Energy Dissipation

doi: 10.22065/jsce.2024.459543.3426

*Corresponding author: Javad Vaseghi Amiri
Email address: Vaseghi@nit.ac.ir



http://www.jsce.ir/
https://www.jsce.ir/?_action=article&au=1451630&_au=Majid++Davoodi&lang=en
https://www.jsce.ir/article_210288.html?lang=en#aff1
https://www.jsce.ir/?_action=article&au=223546&_au=Javad++Vaseghi+Amiri&lang=en
https://www.jsce.ir/article_210288.html?lang=en#aff2
https://www.jsce.ir/?_action=article&kw=14298&_kw=Dynamic+Analysis&lang=en
https://www.jsce.ir/?_action=article&kw=170025&_kw=Passive+Control&lang=en
https://www.jsce.ir/?_action=article&kw=61013&_kw=Seismic+Response&lang=en
https://www.jsce.ir/?_action=article&kw=564437&_kw=Drift+Control&lang=en
https://www.jsce.ir/?_action=article&kw=564438&_kw=Novel+Friction+damper&lang=en
https://www.jsce.ir/?_action=article&kw=32980&_kw=Energy+Dissipation&lang=en
https://doi.org/10.22065/jsce.2024.459543.3426

TYOG YD amio AF+F Jlu o8 0 5loid 1Y 0,98 (Cl g 03l (wihign (i g 3 — (ol &9 g

Journal of Structural and
Construction Engineering

(g5 — oode)
id g Ja—pale og pius

Cu5Lu'g 6 L g Sigo www.jsce.ir

2 G5 el 99 b SISkl (5 ST yn 0 Shos 00 5 2SR kesT (25
o3lw slojy) wliles )l J s

M‘sﬁd ‘535"9 é‘g.? “‘Ségb Sz
Ol (bl s Bl g peisni et oLl oy 0SS sojles (5755 (saeiils ]
Ol el ol il pivgi inio oLl 1y 0dSCitils sl —F

oS>

sl oflas Cawlods Slpiiy ojle o 5 bl JPS Cpz S35 b g0 b ngl (ST JSTie K iag nl 0
SloThs G2 pogdle ouss L)) (STUao] o CasldidyS 18 sy Syp0 59U 5 AL Loj] silo Jhe B 0 ST o
@losel 5 Sl ol 3 pSThe Cusslio oo g (s woslo SLaleiy] S5 U5l (Lol (55,0 5 cuad 3man ol
Pl eite g0, 5oc mhw 5 S o Sl 4 jzmie &5 00g oy (SUb i o pololy Sylite (o)) o Slae Sl
il s 40 ST m0 (s0de Jho Grizmat g (alCiloj] (gildio (colgiing [STho o jpiant JUS) b)) (Ll 50 Caslods
Condy dow Cod dib A 5 F plaizlo g0 wojle Slile)] S 0 golgiivg STae op8ae (b)) Sgz o ol unats]
i eej V sloj) )L o SBhs] ;e 4 ez ol 5 dilge pines 4 jgzmo ol o S ol gk 0jls il
ojlo Sy 5 ploals dogi JB 2ol coge (oolgiing e b ojlu a4 0b Gl @l .85 )18 b)) 080 ST
Pl &5 w05 pasido (gl jl ol gl pulily Cavlodd gui)lge peses 5 (P plesew 4 jog2d pute Llpd 4 S
2 Olie 4 Wlsieo ST pilo (s, 8Mae b b dogi b g 43D ojlu S0 5 ol SRS )0 (Sped b o Slas oolpiiy

D5 (G B ojle S0 5 ol S (Sl cenlio L]

55 Sl (S0l (398 51 oo ey 33 J 555 o505 ) Granly (Jlad yad J 5 ((Senoliyd 5IUT 2 gl ilals

10.22065/jsce.2024.459543.3426 ol T jLes Sopdy 5550 o
doi:
https://doi.org/10.22065/jsce.2024.459543.3426 AR /R VA I I R 0 VAL VIV N IR O VERL VAV N AR SR VAV 70 8 VEY/RIYY

gS)M‘ ‘:‘U"'s qu ;JE‘ oua 93«
Vaseghi@nit.ac.ir | . Sy Sl o

o YYOG Y. axmiso AF+F Jlu o8 0 5loii (1Y 098 (Clu g 03w (wiign (i g 3 — (ol 49 g


http://www.jsce.ir/
https://doi.org/10.22065/jsce.2024.459543.3426

O 1 0 3l (quigo (02! Jbleolo

53L LW (il Gl AL pln o Vb Sl whaw b el (ploosle (b (lies prwiige (Siion oty 5 (S
ol @laojle siluesly 9 (L Vb ey ) b bl 3 Wojle I (coclie (A (85 8 4z g b Cuslosg (W3); 5L
(sl slas, I35k e 50 laejle (gilupslice Caz caslie slaSal, 5[V cuslosg Jla,55 5 (ol Cosal 5l (sloj ) (slasl ol
bl jo o5l gylauly 4y pladl sascin g5l sleslatnl b o by, cpl ;o ccanl 0090 o3l lilas )| J 208 sl yog, (5,5 ,54
laosla (sloj ) sl (2als sln (g0l Sla B Liwly cal 53 w00 5 (oo (Slich (oo plraly) Sidyps oS 5 Lol 2alSesle; )
e il polie (St slagts; 5o [V]owl ol plol ojlu Cuglin A58l lrar 65, Sl pspde 9,5 350l Gk
Olsl 2 sloslor Sllad e ol cnl a5 009 Sdly Jolie JS2p0is B3k 5l (6551 ot Slptne ool (G002l (Lo
b 0 o8 6950 oile il | S slapilSe jleslitul wiaisjls (3lasl sl 5ok slad i a4 @Blge 25T )8 5 0ad
(LS ysbas [¥]ans Lialidl s b Oliee & |y o3l slog,) 8, 5 ools 2als |y awme slayl il wilsioo 5wl oo baojl
ol Jld s Sy g [FliaS 5 oS 0] e anes Jius {F]Jld 8 abex I il glsil a0 (5553 ST slaptn
IV Al g oo

Sl Sl e S (oo )18 ooliitul 3550 ojlu (sloj ) Gl St lp 03,08 b 4 JUd e (6551 BT sl 0594

e (2 3Sdoe a5 MV ]axsls ojle Slals)l 7S 5o JeB B o Sles w539y S35l 5l (2P JB e ©dx b Jld e
5 bz gl Jols Jled e sl Slme IS umaib G o cwlaiz S 15 bl yee [V F] Gilisee el s J S
(Olee ol o ailosgy Tonigh s mle 5 Conigd bt oy TisSemy SemVlsSny § Sl {3 (sla S raloxr
S el b azgi o jse plul welass 5 (o3l ogmen (ala iy b o 4 g e (S5 Il (lgie & SEaol la 1
Wl edyb bl e pene B8, S USCS Gsb 3l ) ole lojlio Shee (o298 BB job 4 Lo SThe (ol [V ]l a8 8
Sl ose s Olil Sbe ol 5 B rilSle & Blsie (STRol (slaSTre slilie a3 5l ains oo talifl 58 HE (555
gl 55 e Sl lol (S 55k @y Shee (nl 5o il el 5l 5 Shaol gl jS1ee 1, [V0]0,5 0 )Lal L]
slos) il 5 oad i3 oslel sl ¢Sl 4y (o5 ) Suym0) 955 Jlosl b Gubolinly 09800 huyni (o) ¥ A5 S8
L odsl 6l slasle glaojle o Shsl b ST 5l sslinul onl 505 oo Slptne hyid o 90 o Sasl olul
DV Lase Jlasl Shaol S iosmes Saol Sl 3l e glyl joyl 4 b g [1F]od & ke (Pall, 1979) laws
SBlaol oYLl [YY] s o SElasl sla Sl dVVVA] Slasl sla s [YA] (SCEDP) 55 1o 095 Sasl slo ST ,00
63 Jsd LB o Shas 4 ax g5 b Canlonds &l calises (ppiizes awgs g0y 0 (SIasl ol ee b « (SEI?) o033
Loy el o wewlond alonil ] dngs g 3, Shos  Cabiizes Loy (onaly L Slalllas g0l 0 b wojlos olilss ) J 8 o SiSlasl
L LSBY) sgume (530 b slo s 5 g Jlail 5l nSope b 1y (Sl gl jSlhee 9,08 sl VAR Jlo o ol Sen 5 7 L
&S by Sl Vlail g 69955 551 Shwe cnl o 05 (Brme (Sl )L cov S5 Bl slaojle J5uS sl
5z JLal VAR Jlo 5o ol San o TS 58 [Y1] 00 so Slgtns wijtd oo (ils (605 L o LRSS A S 2 Slxio

! metallic

2 frictional

3 viscoelastic
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¢ tuned liquid

7 pre-stressed surfaces
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13 slotted bolted connection

14 Mualla and Belev

15 Cho and Kwon

16 wall-type friction damper

17 Samani

18 adjustable frictional damper
19 Martinez and Curadelli

20 multiple friction damper

21 Wang

22 arc-surfaced frictional damper
23 polyurethane elastomer

24 Taiyari

25 Ghorbani

26 Hua

27 hysteretic friction tuned inerter damper
28 tuned inerter damper
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31 Superelastic Friction Damper
32 Moghaddam

33 adaptive optimisation technique
34 uniform distribution of damage
3 Guo

36 linear friction damper
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Esis;}li]; N . Displacement (m)

4-Storey MAX MIN AVE.

UN-CTRL 2.04E-02 -2.84E-02 -5.57E-07

£ 5 Bracing system 5.16E-03 -7.62E-03 -1.74€-07

™ 5 Proposed damper 3.47E-03 -5.05E-03 -1.25E-07
7 S AVE. Disp UnCtrl v.s. Proposed damper 77.48
REDUCTION% Bracing system v.s. Proposed damper 28.08

UN-CTRL 9.98E-03 -1.45E-02 2.16E-08

2 Bracing system 2.31E-03 -3.75E-03 4.54E-09

g g Proposed damper 1.75E-03 -3.19E-03 3.18E-09
= AVE. Disp UnCtrl v.s. Proposed damper 85.31
REDUCTION% Bracing system v.s. Proposed damper 29.91

- UN-CTRL 1.39E-02 -1.37E-02 7.13E-08

é‘“ -E Bracing system 3.39E-03 -3.78E-03 1.90E-08

c% E Proposed damper 2.75E-03 -2.83E-03 1.30E-08
& § AVE. Disp UnCtrl v.s. Proposed damper 81.27
@ REDUCTION% Bracing system v.s. Proposed damper 31.32

UN-CTRL 2.28E-02 -2.33E-02 7.44E-07

E ; Bracing system 5.27E-03 -5.37E-03 1.18E-07

S g Proposed damper 4.37E-03 -4.32E-03 7.98E-08
3 B AVE. Disp UnCtrl v.s. Proposed damper 89.27
REDUCTION% Bracing system v.s. Proposed damper 32.54

= UN-CTRL 2.47E-02 -2.58E-02 1.26E-06

582 Bracing system 6.40E-03 -6.09E-03 3.47E-07

g E g Proposed damper 4.,55E-03 -4.09E-03 2.50E-07
w S o AVE. Disp UnCtrl v.s. Proposed damper 80.18
« REDUCTION% Bracing system v.s. Proposed damper 27.77

- UN-CTRL 2.34E-02 -3.84E-02 -6.57E-07

3 ; ‘EE Bracing system 5.16E-03 -6.62E-03 -1.44E-07

AR g 8 @_,I Proposed damper 4.47E-03 -3.05E-03 -1.21E-07
AVE. Disp UnCtrl v.s. Proposed damper 79.68
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