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Numerical Study of Horizontal Friction
Dampers Made of Steel and Brake Padsin
Chevron frame under Cyclic Loads

Observations of damage to buildings in recent earthquakes
indicate that some of the damage was in the area of welded joints.
Due to the weakness in the joints, the idea of using a horizontal
friction damper using brake pads in bracing openings, especially
the chevron frame in steel structures has been proposed Which
can be easily replaced after an earthquake.. The purpose of this
study is to introduce a new friction damper with low
manufacturing and installation costs and high efficiency. This
friction device consumes vibrational energy with the help of
friction caused by slipping of brake pads on steel surfaces, Inthis
research, the numerical study of the friction damper of the brake
pad and also the laboratory study of the materials used in this
damper have been done. For this purpose, first a validation based
on a laboratory model has been performed in ABAQUS software.
In the following, 9 models are numerically studied in ABAQUS
software and at the end, the optimal model of selective damping
on a braced frame with porch decoration is analyzed. The results
show that very high stress concentration occurs in the damping
area of the brake pad after the load is applied to the bracing
frame and due to the presence of dampers in other elements,
including beams and columns, less stress is created than in the
case without dampers. Also, among the studied models, the 10
screw model has the highest amount of ener gy absor ption.

Keywords. Damper, Friction Damper, Chevron FrameBrake Pad,
Cyclic Loading.

Received 09 November 2021, Revised 26 December 2021, Accepted 27 January 2021.

DOI: 10.22091/cer.2022.7565.1325



OVFAY) 1P il gl o) o)les piin Jlo e glpoe o lo ) sloiagy,

il g 0¥ 99 1 ok 4kl I T Ikao 151 a0 53US dxdlao
1S 2 1yl o Gl gl 5T b (s ylgo SB 40 jo 5

B 45 wnls Lt |, 500 ol el sloall o laglezilo 4 snd 0,5 (sl sualive
Sl 5l oolawl oaul coVlasl o s Jdo 4 sl 009y b9 Ylasl b o b ol >
e il b OB egad 4 sai)les sladilas )3 5o 5 el 5l (6500 b (Bl SSlasl
Ol sl Bas ol (aress BB gl 4 a5l G oS Canl ool ke (g0Y g8 slaole o
Ol il o YU S5 9 05 ceal g clo anje b wasr SBlaol ST SO (Byme (Guios
Eo 535 7o ol 31 g SIKhol S 4 1 55 (55, oSSl alsy
a3 5 il SWhacl Slyon (s0e anllin & ngiy ol 55 55 oo Slgte 53Y50
lal ¢jelaie oy el ouls ailoyy Fliw ol jo oolaiul 5 50 pllas 2Kisle;l axllas
2 Cel oals plxil ABAQUS Jldls i 1o alBinlesl Joo S sliw p (miwlons S
Bl aigy Jow Ll o g azs 51 8 ABAQUS Jl38le 5 10 (6838 (cmyp 350 Joe A sl
o oo Gl @l el ol w85 15 oS 3500 il DB S 59, 2 S
s 4y 5 9m3sn &y 5 4L ]| g 25 2 S0 4l 55 ¥l oy 5 35500
Slre Do Ao @ S (06 55 g 3 5 e Sl bagledl ple j3 Sle 352
3 Oliee it SIS s V7 e s S0 slain Sl eimas 95,5 e sl

dloe 351

GRS e ) it T L e (STl S St gnlS 083l
.L;lc\})?:

2 Ol S prsige @l YU 2L L Sl pgla

Sy )OS s

ol5T o8 —iils cog—i o)l g3
Ol el ool
st_s_kiadarbandsari@azad.ac.ir

&b U (539308 o2 yo
59 Olee (i 09,5
) 6}1 ,J o Ol T
(i pode 50 gilwdie
ol3T oBiils cogim oyl g

1S Sl Sy
firrozi@azad.ac.ir

Tl G

S>ly lae (cadiges 09,5

o3l oE—ils vy )l

Ol el oDl

e
h_abbasi@azad.ac.ir

T B P
s@)Lw‘ Q‘)] Bzl S =

Olpl e omdp wox el
1S Sl Sy
yaghoobi@pardisiau.ac.ir

doddo —)

o sl ol Glepian 09 2l ool Sy ol Ay 5l a6 Gl g Jb ol lus

Sy90 Lbo)l...u ) 6‘0)/..1 6@5,.4 )J‘)) ) welﬁ.‘o él?o‘

o3l uwaige lp 1y d3ly plp jo laojle jl8; p

L | Zen slals 51 oslinal i pf oo 13 ool

slaosls ) (ilr palie praems Slyie & (St L

Jsfus cdiug g %

Slog s Jomd sl by, (o5 glate 51 (SO (goYss
SleS 5 bojle b anls sl oo alyls 5l st

VE) il 5l o) o)led it Jl

VBV Gl AoV /o8 650 VEe [ ANA 2l s i b
Jlms aules (DOI): 10.22091/cer.2022.7565.1325

Sres glacslo p; slajiagh



iy le B o sey5 e 5 SYgh L ot asle bl SIShol 500 soue aslllas A

S (o0 S5y 4 90 SLSL D0 4 psla g
Sade wled zolaw iz 4 dxgi b oS > 5l o Ll
§ WS g0y CS > £yl Ay Cod Saol (59,5
ol Oglaie Dlpess ol 0 ol als 4 a
Sy ) patie SBhal 655 Oy ST cnlple
935 (nl Sl a5 65k 0 S sl gae SO L Ll
3wl sad odes A 0,90 S il S B
el 00l oolaul o..\J)‘.QJ C?‘L"““ (5‘)‘. as @JLM
Tr S5y Y98 Vb (59 3o o sbawY 4 g o
Gy alb 8 Ol oged o,lil SYed (gg, oYsd 4
Jlio ;0 YU Cunglin .ol ppe s (SElaol S50
‘) W) uaJS S Klasl w].o ..\4‘5;‘5‘0 u.l.c‘ ‘g;é)P
Pl Solw SKlasl sl 51,0 Sl cle
30 9 S S g el Alas 4 gzl poe wwsle
wiloo oy onl Glalejl 5 oy colls cules
or &5 Aload s jsSde Gty ie oS (g)5bay
lie 4038 lae 4 SEhol gl Sl,w Sl
ole S5 laghy, adlas g Gudod £9y0
p el gz 90 SElasl (IS b 4 005 Cgusrs
5 @lraly J5S ) e o B K00S0 9,
e S ) Jle lp WS oo 5k 535 S
S 4 el jag 3 Sl 5255
oolaiul 3 &S o sdiz (655 oges Al gl ale
slagze boosle K& pogdle b )Slye cnl 098 o0
l.a)f‘)...o Q”‘ ‘Q] » 03}19 w‘ wa.t 9 u.\.J?J JJ[S ).._‘>Lt
Slaol 5,0 oz Sy o 5l colaiul
ool slo) b s [V] ol s L
\ . & .
s Jb ey SBhol glboSle 4 e 6
glal S8 a4 ol s kT ave Jl o Ll lSes
@ loyy) 99)9 Al 95 St Sz slabws
el 5l 1y el ) gy ol SKasl 5,k 5l ol

Lpall AS

VE) il 5l o) o)led it Jl

9 2Rolel 655 wdz cud il g (6 pdy IS wueglis
] nabs 5 15 b s 45 alole 0gdice pald
el e S wdl Sl ol S bwgs (55
iy olag, s o lojle olus o IS0 s
5 apen Sl (S n b el leds cnl Ll cdndy Wl
3ol Glojle Dz iz pl a5 cal (Sow
JU Sy @ Sl (Sen (S g 09d peens Wyl
S slaghy, @ GBS bogd e ojle
s JWire JrS slagty, (egas 4 laojle sloj )
oo 5o hley ASul o8 ady @
Sy 3l 00,5 0 elent 5 5l iy ileglexsle
5 JWdrt J5S Glaptw 0 Shee 4 4z b S0
6255 3 GxSore bl 58 oo S
Sl 75 5l sl oslinul 5 K0Sy » gshaw (453
5 ebbd 4l S > Jl o pleal (o5 ABgte
GRale s 4 a5 wiboe bl Lk g oy
i Sl (izes g 034 pamie (SUS (oly
bojl o loj) 655l YL Qi cel il
oSy nl imd oo Gl BN ol (2l e 5 Wigdi oo
el g g BB ezl glanze boosle S5 5 ogdle
S Sl 5] solital b b Ss £33 ol e
Sl ol 0gd oo oolaiwl ol jo ol (ol Cox
b sailens QB o (ol 1 50 laai e ablis o
Al 3y plae g 00,8 o0 eal (i )]
b ST crl g wbee JUS ST ) 4 an)lee
@l i 65 @y a5l (oS St
Lo sbasl plos 5o Sle cnl 5l aS oo hos LS
el slizl b9z 0,5 osliiul lgs oo @ o3l Cugds
S8 il @ Sl S e WS o i o5l
5 2S5 Al RSl &0 a Wlgy a5 S e
S flog aigSul aled Slesna 1 03] ey (5551
Sl yms b olyan SIao! c¥Lasl 5l oslizl b 5,1
Soys &S Sipe 0 Wgheo ALk S aloy
Ao Juast Gy bl SBhel Jlail 4 eud Lol

Sres glacslo p; slajiagh



a3

Slhes ol s byme Yeor Jlu ,s (RFDY) e0
SEle g d9se slaglitle il jshie @
Aibge spldSs Glwey wax slaglasls
oy gble ;o Sl (nl (wyn Coeal cnlplo
S 0l 63y &5 olajioles] pled ol Cosal Hl>
Sy, Cod Sle ceslie 25 Sk ad el
Slre 2 jaome ojlo sl (Brb 1zl 009y (sloj )
Glai 5 a5 I3 wyp 3j50 (> slajl cow
sals odaline 2Rkl 5 soue @l o ol
Slaol 51 s Yoge Y0¥ Lo o [A] ool
al a8 sl 3 g,08 anles 5y 2 1y s
s wove oldlhs S5 e s g oS>
Soge Slye €55 nl 2550 2 58 N (2L
Slos L8, 5 Slre g5 )'“"L’ 4 Ko aS 43S
Oop 4 IS jebar [N1-3] i e o)lal Laojl
ooy wlils )l pals cyr Sl sle ST
sl o des S 0l Sy 5 oolil atesli o5l
JUd aes Jlae S8 (he) Se Ve - F Lo o calple
HB Gy s Ol o ably 4 a5 wb )l
DY 65 et 1, itz Sl J 8
AUy (Sgale gl (oen 5 gl
Sl alews @ &5 plre laosls slalj;
Wols 18 sy 090 1) wilonds Jate o2 4 (SKlaol
$lr saar w08l 55 oK 5 g5V [VY]
awbN plsle glbol gldjl; mul gloans
gy &S ol wlil,y Jud e S8 hleg 4 e
Ll oysS Gl o S oo ol 55 ) sl
b sangs S et slapyr Ojgo ) oSl 5 DB
ey opl g 0,8 Jow aib os yo ol ax 0 g0

WS 5 s S slapSapnis e 5 ojle sl

°. Rotational Friction Damper
10_ Mualla and Belev

1L Chevron

12. Bhaskararao

13. De La Cruz
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3. Robinson and Greenbank
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