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1- Introduction

Tuned Mass Dampers (TMD) and Tuned Friction Mass
Dampers (FTMD) are devices attached to structures to
provide safety and comfort for both the structure and its
occupants during vibration events. The traditional
approach of increasing structural strength and member
capacity is often ineffective for tall structures. A crucial
issue in tall building design is reducing structural response
quantities—such as velocity, displacement, and
acceleration—under dynamic loads, particularly from
earthquakes and wind. Tuned Mass Dampers (TMDs) are
among the oldest devices used to mitigate vibrations
caused by dynamic environmental loads. Furthermore,
Friction-Tuned Mass Dampers (FTMD) are considered a
competitive alternative. A Tuned Mass Damper (TMD)
consists of a mass, spring, and damper attached to the
structure to reduce its dynamic response. The primary
purpose of this damper is to reduce the response of the
main structure by tuning an additional vibrational mass to
bring its frequency closer to the resonant frequency of the
main structure. In this manner, the vibration of the main
structure causes the damper to vibrate out of phase and in
the opposite direction to the structure's motion under
resonant conditions, thereby damping the vibration
through the damper's energy dissipation mechanism.
These dampers are typically placed at the part of the
structure with the largest displacement, such as the roof.
Generally, three parameters define a TMD: the frequency

ratio f = w,/w,,the mass ratio u = % and the damping
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fundamental angular frequency of the structure without the
TMD. The Friction-Tuned Mass Damper (FTMD) is a
special type of vibration control device. It consists of a
TMD with linear stiffness, a pure friction damper, and
exhibits nonlinear behavior. A spring creates an elastic
mechanism, while a friction mechanism generates an
adjustable friction force that alters the damping
characteristics. Similar to the TMD, the mass and spring
are calibrated to match the natural frequency of the main

structure, leading to vibration absorption and damping.
FTMD parameters include the frequency ratio f =
W4/ Wy, the massratioy = % and the friction coefficient
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2- Modeling

In this study, the desired behavior for FTMD and TMD
was modeled in OpenSees. This was achieved by assuming
a TMD system without damping, considering friction
relative to the contact surface, and connecting this
configuration to the main structure via a zero-length
element. Four shear structures with 10, 20, 35, and 50
stories were considered. The fundamental vibration period
of these structures was calculated using the formula T,, =

iv—o, where N is the number of stories. Subsequently, 20 far-

field and 20 near-field earthquake records, along with a
sinusoidal wave consistent with the structures'
fundamental frequency, were applied, and their responses
to these records were calculated. The TMD was then
installed at the roof level of these structures, followed by
the installation of the FTMD, and the records were applied
again. Finally, 540 analysis cases were performed with
TMD and 810 with FTMD, and the results—including
maximum relative floor displacement, maximum floor
acceleration, maximum base shear, and maximum roof
displacement—uwere calculated.

According to the literature reviewed in this field, such a
comprehensive and extensive study has not been
conducted previously, which constitutes the innovation
and creativity of this research. The mass considered was
450 tons uniformly for the floors and 400 tons for the roof.
The behavior of the structures was examined in the linear
range, and the stiffness of the floors was decreased
stepwise from the bottom to the top (such that the roof
stiffness was assumed to be 0.4 times that of the first floor).

3- Dynamic Analysis of Shear Structures
This section presents the results of analyzing 10, 20, 35,
and 50-story shear models subjected to near-field, far-
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field, and sinusoidal excitations in graphical form. The
effectiveness of dampers depends on the correct selection
of their values and parameters. For the shear models, the
damper location was assumed to be at the roof. The mass
ratio for the dampers was considered as {0.01, 0.02, 0.04,
0.06, 0.08, 0.10}. The frequency ratio range [0.1 - 1.5] with
a step of 0.1 was considered to cover all possible states and
conditions. For the TMD, the values {0.05, 0.15, 0.25,
0.35, 0.45, 0.55} were selected for the damping ratio, and
for the FTMD, the friction coefficients included {0, 0.05,
0.10, 0.15, 0.20, 0.25, 0.30, 0.35, 0.40}.
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Figure 1: TMD tool performance based on damping ratio
for drift story response
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Figure 2: Performance of FTMD tool based on friction
coefficient for drift story response
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Figure 3: Maximum roof displacement response for a 10-
story model equipped with TMD under sinusoidal wave

mass ratio = 0.02

o
©
=]

(

—— Friction Coeff = 0.0
Friction Coeff = 0,05

7| —— Friction Coeff = 0.1

—— Friction Coeff = 0.15

Drift reduction ratio
o
@
(=}

~——— Friction Coeff = 0.2
—— Friction Coeff = 0.25
Friction Coeff = 0.3
Friction Coeff = 0.35
Friction Coeff = 0.4

]
~N
[t

0.2 0.4 0.6 0.8 1.0 1.2 1.4
frequency ratio

Figure 4: Drift story response for a 35-story model equipped
with FTMD under a set of far-field records

4- Conclusion
Based on the analyses conducted for four types of shear

structures with varying damping ratios, mass ratios,

frequency ratios, and friction coefficients, and according

to the resulting diagrams and graphs, the following results
were obtained:

1. By reducing the damping ratio, it is possible to achieve
different yet close mass ratios for a given level of
response reduction.

2. For a given frequency ratio, increasing the damping
ratio at larger mass ratios has a greater effect on
reducing responses.

3. At frequencies close to the structure's fundamental
frequency, increasing the damping ratio for a known
mass ratio leads to an increase in responses (a negative
effect on response improvement).

In general, increasing the mass ratio reduces all
responses. However, beyond a certain value, this
increase becomes impractical and uneconomical, with
no significant effect on further response reduction.

5. At frequencies close to the structure's fundamental
frequency (0.9 to 1.1) as well as the upper and lower
bounds of the desired range, several damping ratios and
mass ratios can be used to achieve a specific response
level.

6. Increasing the damping ratio reduces the effect of a
specific mass ratio on response reduction.

7. Increasing the mass ratio allows for the use of a wider
range of damping ratios to reduce the structure's
response.

8. For a given damping ratio, responses improve as the
mass ratio increases.

9. The effect of changes in the mass ratio on response
reduction is greater than that of the damping ratio.

10. Low friction coefficients (0 to 0.05) have a better and
greater effect on reducing responses.

11. Selecting the type of desired responses is crucial for
determining the optimal damper parameters, as it can
yield different results in each case.

12. Under sinusoidal excitations, the use of these dampers
leads to a significant reduction in responses.

13. Under the same conditions, TMD has a greater effect
on reducing responses.

14. For structures under sinusoidal waves, increasing the
damping ratio has a negative effect on response
reduction, which becomes more pronounced as the
structure's height increases.

15. Depending on the number of stories, the optimal
friction coefficients and damping ratios vary
continuously to achieve the best response, and no fixed
rule can be established for their behavior.

16. In all responses, the TMD exhibits more effective
performance under sinusoidal waves compared to
seismic loading.

17. For an arbitrary structure under sinusoidal excitation,
friction can be considered as damping, and increasing
the friction coefficient negatively affects the reduction
of all responses, although fluctuations are observed in
some cases.
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Comparative Study of the Use of Tuned Mass Damper and Friction Tuned Mass Damper in Multi-
story Shear Structures to Reduce the Amplitude of Lateral Vibrations

Masoud Mahmoudabadi Hossein Hasani

Abstract: In this paper, the performance of shear structures equipped with tuned mass dampers and tuned friction mass
dampers against near-field and far-field earthquakes as well as under sine wave has been evaluated and compared. For
this purpose, four shear buildings were considered and dynamic analyses were performed on them in two controlled and
uncontrolled modes using twenty far-field earthquake records and twenty near-field earthquake records as well as under
sine wave records. The results showed that the response reduction in tall buildings is greater in far-field earthquakes than
in near-field earthquakes. Also, the tuned mass damper has a better performance compared to the tuned friction mass
damper in reducing responses.

Keywords: Shear building, Tuned mass damper, Friction tuned mass damper, farfield and near field earthquake,
Sinusoidal loading.
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Performance of TMD based on mass ratio for Acceleration
Response
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Performance of TMD based on damping ratio for Acceleration
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Performance of FTMD based on friction coefficient for
Acceleration Response
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Performance of TMD based on mass ratio for Base shear
Response
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Performance of TMD based on damping ratio for Base shear
Response
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Performance of FTMD based on mass ratio for Base shear
Response
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Performance of TMD based on mass ratio for Drift story Response
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Performance of TMD based on damping ratio for Drift story
Response
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Performance of TMD based on mass ratio for Roof displacement
Response
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Performance of TMD based on damping ratio for Roof
displacement Response
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Performance of FTMD based on mass ratio for Roof displacement
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Performance of FTMD based on friction coefficient for Roof
displacement Response

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

-0.1
&0&\\ *@d ’@6
) S 2
PR
s\’z;‘ Q:bk ('_)\Q s(b‘
<

&od &06 &06 Q
3 3 3

Q Q

PAG <

(\Q/’b 15 Q@

o

N

3 S
\¢)

0 ull |||. lIimi- II.IIl- Ih'l'll
o -

Q
©

(9‘9

W friction coefficient 0.0

| friction coefficient 0.05
friction coefficient 0.10
friction coefficient 0.15

H friction coefficient 0.20

M friction coefficient 0.25

,@‘\\ %@‘* %@d c;\o‘* m friction coefficient 0.30
«9’0 «9’0 .Qf"g M friction coefficient 0.35
@ (\Q:b 2

C,..ilij};{g:}}‘)jzajjz- le.ﬁh:)}s)tslﬂd_.bo' }Y“a AXEAK @f&hﬁ)bé‘f&&@\ ;,.3‘).; JL.»\J;FTMD)‘J:\AJ&P (VY')JK.&

Pl O ot el 8l oo s

2y g 4l agenly 254 Sl
533 55m S,S5 53 el 2 2l S SRS
Gy S, 55 O Canlem Ol S Iy sl 55 peie
ke b B p el 8 (sl (ool i S5 o5
03 7ol S o (o e Rl B IS ) e 4 S
238 o ladde 5 las, S5 sles

033 5 Slp o Cad Dl 4 sl Conles
35555 03 Fly S e bl Sl S e 51 Rl
A3 o ) S35 05

BENTSIEE U (N SPRRSEIRS Sy 1P P U g
SI31 a0 OT s L5 503,50 sl oy 288 L 5 20l 531
ol QLSS il lae sl

i 3 g e CB  baesle 53 e 203
2 gy el
Lodkal e ok ol plralr mul 8 bl (2
Sy S, oled s sl eled (Gl e S 158
Slas, 55,5 oo akb Yo ) lasslu gl das e ) el
Sbas, S5 Lo akb 0 5 YO laesle gl 5 Ky o

.W&}eaﬂw.uu)jsej?

6% L ol 43‘)‘ (.5‘41?‘ 6[.&)(.)).&4 DL k;ﬁw( JSJ “ r)y
ool Iyl s Sl 4 s EalS dsys ((FF) B (V)
W R T Y B PR VG P PP WP TR
Olsme Wajls e o KT 35 8 o g D3l @ o3l a5 alsls
S A a byeosde S ke jsb o cdas o 0L (s
u:,.als Lo ys A Ja.:J.&L’ N Sl ol a.)jj.")l AJLMJM)‘JJ\
slaesle ¢l odal Cowd 45 (glalos Slals ged 4 a9 L
(e 55 g pSams oo 05 TMD & e o5
P S il e olib Ol 'ngsdatm
M\)} CWL“’ JMWuJ))S) L;cwjbjuojt,w &L@SJJ
St 8,5 k50 b Sas 5 500 03 slaay S5 el
@J}WQ‘M’MWWLW:-JMMJLA&MJ‘
éw%hﬁ@%déb)bﬂ‘uﬂéw\@\'o)'Lstb.g
WML}@VO GJ.L"“)'}‘)
wwﬁzje)bcw)\ﬁ\f\4www& st.’

’f"‘ulﬁoju‘r‘i—iﬁ‘jwdtw

32 ot pige 4 o



vy

Wt M_d)é’/;jw 2 pred

R N e IR TR LN
s e 5 (4100 51 585 S) SKasl s
GVl e Db el el sl S bl (2
I Yol o e el o S RIBIL S b
L;J,,:‘upww&ﬂg;,;a;uas&uugutw)t
s alie UG L S 5AS o sbml el L)
s Sae e 3 Sl b S S b 4 Y
03 il Sl ol gy oSS dalss il
el 53 5 5305 e, S5 50 4wl Y0 500 glaesle
S 2 SNes Jlpl sz es s las, S, 0 adb T 5\
a3 e 0L 355 5l ks 35
Nl b olib el plrals &b s bl (s
Sl Yo S e el s e S R
YoSlS sl mul g » e Sl Sl ol
s, S5 55 aab Y0 500 slaosle 3 oo S JRul58
o= Gas,sS, 3 akb Yo 5V el o 5 o el
53 ¥l e sl e 00 e IS s
s Shas 5 Saol o o Gl Bl b s s (501080
3 g oo alS cwli 3 D

S man fr 00 Lol S e sl &S 5k Oles
S Al 4 am 5 b oS ol e e wig ol 4 e
g e S U5 e (el B e dlosle muly
53 el s Sbaraboly janass B 55 sl bl
L oo e s, S, Co FTMD 5 TMD < jeme o5l
s g 4 e L oogd o e Olib sl 2058
GBS LSl ol OSUS gl 5 bzl
Ll O b G slals 33 5l o3l candge 5 Lail o
§ yoee 235 el LAC,JL, (o gg) O, JBla> 4 (8l
OReal slaguly 3l 4 SSUS 5 ogline oy
Sl gren SIS 4 o el e oS Sl a3 g
Sl ol e ol8 5 il SLaSG L slas s by el anils
odal s 4 Clgr L Gl sy dlies (6l g3l
= 25 o Slue 95 8 3 o L 58S

i areia e SO Sl G opl Rl 4 358 e a0

ol el (lib slad B a5 055 slas, 555 5o
Al o0 2
Sl 2 2 e U s IS o e S
el ails
Al Bide ol plrals muly oS eble G
33,5 o0 ol St o (o e Rl

o35 53 TMD il 5 Slas ik Y0 500 slassle s
el S35 0 S g s

SRS e e GRI g $OHSDL
Sl e sl c.«:l)

S s L3y 055068 laesler (gl o s B s
ol DL, il (slap 2 o 513

i el gl adel Cows 4 lajlsgal 4 ax 5 L
1S 38 xS (e 05 2 FTMD 4 s
3l e Db Sl sl oS alle (il
Aol 593 055 Slas, S5 Sl et Glag o Cod )
et Feoly S 3 S 3 Shes
A5 51 > s il o s § 5 51 S5 S ool
wlie g5, OSUS Glop o o Sll 4 Ciles Slab
2,0 OLSS
Gt +/20 51 5SS Sl a3 bajenls 5
sl e
SIS S Sasl o Gl b s S5 S
2y n 4l el falS ol
03 o o Slas, S, Gl e SKhol Lol s
S5 03 G 2 S es Al (S5 05 slan, S, L el
e
S Ul il e b o mel S sl (o
Loz, S, 55 aib Yo 500 slaesle sl (0 SUSS glap
23 S 3 SN b YO 5V glaesle gl 5 SUn S e
S S o S 20 5 Vopten dalls &b 2t
Sy s sbaosle sl lnl 5 Slas (il glap
Gl Sl (o, Ll b Yol ol 5 alis
53 FTMD (¢ 108 3l 5l ecalisen glaojlus 53 o SIS L

93 Ol pas odiga 4

’F'F‘/’[P_:JJMKM_}‘;\AJLW



Jm/wfjf/j:ﬂj awﬁéb"wﬁjﬁﬂj/a:&u/‘;/w[&wjﬁ (A1

A 3 055 Slas 555 a8 semme Lot 4kl Vo o5l 6l

&;v:.»ﬂ..’) Ju.ﬁ).) A el W&M‘)J VO LS"‘J:'“ g:M.w.v PLY

AL /A sl

L by gds gla 2l ol Bl 5l g 55l (galatl

A by SIS sl 5 tiy Olie sl s .:))Tdo
ol ol 03,51 (Y8) G (YY) Jsldr 3 jleansl w0 el )L

3 6 el s 0155 e (TF) st 3leln Ol i
J.,.Zb QLS.J; gLJ.i)bJE.;J)}n C.«:Q}Ml.sTMD odlaul Sy

b Yr oV glassle LglﬁTMDdth:a\)LT LS wslie (VF) Jsier

Sleegy | Slibolwi | 25,88 | dubey | B oo | o Cond | e Sl | fly dgme
ol ) AL AT /AR
)99 039> Qb oy 1Y AR JAIN AR
Sy s 10 AR 7%0 AN
b ks - 10 AR AT A
ol <A 7 760 ALZ
&ﬁa“a'y L35 «/A AR VARN VAR
Gl )+ ol > o) RANE S
OH IV A% 780 AN
b ks -IA AR AT 710
ol VA e 70 1AV
S Qb iy VIY AR 1.0 1AY
g <IA 7 /0 TAY
T™MD ol el A - 7 ~AY
ol “IA N 700 AR
199 0)5> ab i Y AR JATN Yy
g 1R 7 /0 A1)
ol olals -1V AR AT YA
ol \As AR 100 VAR
&.a).. 039> ol & Ay AR AR A
Gl Ye ol ’ o
Sy 10 AR AT AR
ol el -If A% 70 Al
ol Al AR 1.0 TAY
g al o VY e 70 1Y
s “IA 7 7 1Y
ol el <IA 7 7 1AY

,f'f‘)%ojw‘ﬁ;iﬁjwdb

328 e oligo 4 g



Vo

Wt M—‘;J[‘:/’Jjw 2 pred

aib 0 YO sWeele g TMD sla el )l SIS wsle (V) Jsas

Sregs | b olad |05, g5 Eobgr | A s | (oo S | il S | Bly Sgne
ol ) AR 700 Add
9% 059> b i A AR 700 VAR’
o Y AR AT AR
b olal> -5 AR AT AR
ol Y AR AN Ad
b B o SedF 09> |l iy <IN JAK AN yARd
o - 10 AR AN ALY
b olal> VA AR A AT
ol A AR 00 LAY
g Wb by VY AR A LAY
o -IA AR /-0 /A
™MD oL bl A - b A
ol -IA AT AT AR
9% 039> ab Al AN AL ALY
OH -/ AR A ALY
eb plral> -1 AR Al JAQ]
ol -I¥ AR AN AR
b b o SeoFeie |l Lip <Y AR 700 ARG
Cdy s -1 AR AT AR
b olal> -IA A 00 AR
ol VA AR 7.0 LAY
Sy al by VY AR 70 1Y
Cdy s A AR 7.0 LAY
b olals VA AR 70 1AY

93 Ol pas odiga 4

”""‘;l{ea)w?&:&}wdﬁ»



Lf{m/uf‘fif/f?‘—} awﬁéﬂcfaﬁjﬁﬂj/ulé&w/‘;/wﬁiawjﬂ V&

aib Yr 5\ glaosle Gl s FTMD e i)l SIS uslis (Y0) Jd

Al s Sk sl | 5,58, 69 Ehps | oS e | e S | Sl s | el s
ol \ AR - AR
09> 055> b n VA AR I 70
Sy o \ yAd -0 A
b olal> -IA /¥ [0 A
ol V¥ AT . ALY
Seo3 09> al by VY /AR AT 1Y¥
ail Ve ojle
Cady y VY AT “le0 A2
b olrals -1 AR -0 /AL
ol VA AR . LAY
g b ooy A AR . 1M
iy yo -IA AR . 4%
FTMD b olals A - . A
ol VA A . 7%
35 038> b ooy A AR . JAE
S50 -IA AR . A}
b olrals -1 AR -le0 AYS
olus -1\ A . AL
S35 09> al ooy /¥ 1% . /AR
aib Y ojle
Cady o A /Al . JARS
b lals -1 AR “e0 ALY
ol VA AR . TAY
T b oy \IY AR . 1TAY
iy yo -IA AR . 2%
b lals -1 AR . 1AY

?f'fu[f?yu‘{..&iﬁjwdlw w_})jﬁ'd/j«&wvu(x@j@‘



\a%

‘;CM M—d}[‘:/’)jw 2 pred

aib 0 5 Y0 slaesle gl FTMD gl sl )l SIS slas (Y8) Jsi

Sleegg | clibolw | 058, es Ebes | eUp e | o S | Sasl s | Gl dgue
olus ) A . Add
9% 039> al oy <Y A . AR
Sy o <IA AR N AR
ol alals “IA AR N IALZ
oles -0 18 . AR
SeFeie> |l by -/ /A . A4
ai b YO o5l
Cady .17 AR . AM
b slral> ) AR N A
ol VA AR . 1AY
s al iy \IY AR . 7MY
Gy <IA AR . A
FTMD ol alals A /- . 7Y
ol i /¥ . 7%
295 039> Ll oy - A . AL
Sy -1 AR . ASS
b alrals \ AR . AR
ol -\ A . AR
Lo Saop i |l Ghy N A . AR
Sy o “IA yhd . AR
ol olals 0\ AR . 7%
ol VA AR . TAY
T b oy VIY JAR . T.AY
Gy “IA AR . A
b olals - AR . 1AY

0> ale S I et B s S LY
2l bagaly 28 gt B S5 lap o
Sl b el ol 05 4 sy sla s s s
gl SRl Sol polae (o ol Sl e S
il dal gt (el 350 2 e S50

bagaly (oled Rl Ssly g2 Comd Rl NS 5k 0¥

Byas ¥ slp a8 S S)po sl fod a5 gazes ol
(ot e (gl e S il alie 3l 5 o5l
Jol 0 @m0 SES Shol ul o 5 (8 5 s
A
308U lap i G 4 Ol o 2l e T S LY
oy Gl SRS Sl e (61 S w4 s

93 Ol pas odiga 4

’f‘f‘/v[g)ra;w;ijdlw



L;Ké""/dﬁjﬁjr"} a.umﬁb"wj.}jﬁﬂj/uléaﬂ/‘;/w&awjj

YA

Solize Sl gl b 31 0155 o o S il 3l LAY
g Laly LS Sl e slae mlans S 4 O
G ol 531 SWaol o o 5l ascin Jliie S gl VY
335 oo gl Ssg e 2

e 0331 s 4 53 3, 5e lagaly g bl Y
S ool Cpenl b Sl slajnbl gy sl
a4 S s sl Sl @l;; Ll

Lo gesly 288 55 b e (6108 Sl elis sl 151 L0
Al SRl

S iglos J IS5k (sl L ST e ol 4 s slaesla) P
s e OL 52 Sl 6 g 5,8 es 553 055 slas, S,

el 3l bzl s s S 23 51 23 (,0E,L i)V
Syl dUs a4 LACALJ:Q@U;ALSLAI?\J:A

GIFTMD 4 coed TMD OLS Lasl 5 03 8 blssd LA

0 Lac.ub ol 5y g i

S5 g

s el cpatia Jlie 51 i SRl nl Ll s S
3 St AU 4o 4 Ode 5 gl S
Al el ol Slagmaly Ol Al

O/ G2 /A) o3l ol (S 3w sy sla iS5 55 0
S35 03sdoe b 5 VL OIS Sl S B ames
T Sea Sl Sln 2l S ik Sl OlS
2 e gl 5l sl

PP S ST Sl o IS
g o aulS Laac,ql_' oals

Gl S 33 S Ol a o Coed il LY
35 oslitad o5l gy (RalS sk 4 (g

o et GRIFI L Gaie gl e S LA
S e g S s LAC..«L

b s YL Ol S)esle W 3 51 e 4 ol S8 55 A
4 Oy Sl rr S i Sl 0155 on (G383 00 ik
W3k s Laly s RIS Sl asie e

Pl e Sl e S Dl JE )
ol s ol cwb oS Ol s

PGS s e A G0 L) sl Sasl ul s )
yls Lac.ul.. ol

s

[1] H. Frahm, “Device for damping vibrations of bodies,” U.S. Patent 989,958, Nov. 1909.

[2] T. Xu, Y. Li, T. Lai, and J. Zheng, “A simplified design method of tuned inerter damper for damped civil structures:

Theory, validation, and application,” Structural Control and Health Monitoring, vol. 28, no. 9, p. €2798, 2021.

https://doi.org/10.1002/stc.2798

[3] J. W. Hu, K. Naeim, I. Mansouri, and H. R. Shokrgozar, “Efficiency of TMDs and TLDs for low-rise and mid-rise

buildings subjected to near-field and far-field earthquakes,” International Journal, vol. 36, no. 4, 2019.

[4] D. N. Gorini and C. Chisari, “Effect of soil-structure interaction on seismic performance of tuned mass dampers in

buildings,” in Earthquake Geotechnical Engineering for Protection and Development of Environment and

Constructions, CRC Press, 2019, pp. 2690-2697.

[5] J. P. Den Hartog, Mechanical Vibrations, Courier Corporation, 1985.

[6] H. C. Tsai and G. C. Lin, “Optimum tuned-mass dampers for minimizing steady-state response of support-excited and

damped systems,” Earthquake Engineering & Structural Dynamics, vol. 22, no. 11, pp. 957-973, 1993.

https://doi.org/10.1002/eqe.4290221104

’F'F“)LR:JQJ‘MAJMJL»

32 ot pige 4 o


https://patents.google.com/patent/US989958A/en
https://doi.org/10.1002/stc.2798
https://doi.org/10.1002/stc.2798
https://doi.org/10.1002/stc.2798
https://www.researchgate.net/profile/Iman-Mansouri/publication/338490376_Efficiency_of_TMDs_and_TLDs_for_low-rise_and_mid-rise_buildings_subjected_to_near-field_and_far-field_earthquakes/links/5e1765cf4585159aa4c09106/Efficiency-of-TMDs-and-TLDs-for-low-rise-and-mid-rise-buildings-subjected-to-near-field-and-far-field-earthquakes.pdf
https://www.researchgate.net/profile/Iman-Mansouri/publication/338490376_Efficiency_of_TMDs_and_TLDs_for_low-rise_and_mid-rise_buildings_subjected_to_near-field_and_far-field_earthquakes/links/5e1765cf4585159aa4c09106/Efficiency-of-TMDs-and-TLDs-for-low-rise-and-mid-rise-buildings-subjected-to-near-field-and-far-field-earthquakes.pdf
https://www.taylorfrancis.com/chapters/edit/10.1201/9780429031274-276/effect-soil-structure-interaction-seismic-performance-tuned-mass-dampers-buildings-gorini-chisari
https://www.taylorfrancis.com/chapters/edit/10.1201/9780429031274-276/effect-soil-structure-interaction-seismic-performance-tuned-mass-dampers-buildings-gorini-chisari
https://www.taylorfrancis.com/chapters/edit/10.1201/9780429031274-276/effect-soil-structure-interaction-seismic-performance-tuned-mass-dampers-buildings-gorini-chisari
https://books.google.com/books?hl=en&lr=&id=IshIAwAAQBAJ&oi=fnd&pg=PP1&dq=Den+Hartog,+J.P.,+1985.+Mechanical+vibrations.+Courier+Corporation.&ots=E8f_rzseGh&sig=DhZqYKjebG8gba0W6viUKPuMq5Q
https://doi.org/10.1002/eqe.4290221104
https://doi.org/10.1002/eqe.4290221104
https://doi.org/10.1002/eqe.4290221104

Vc\ s L}:"’“’_JAL'/;_}‘“’""’ D prens

[7] R. Villaverde and L. A. Koyama, “Damped resonant appendages to increase inherent damping in buildings,”
Earthquake  Engineering &  Structural Dynamics, vol. 22, no. 6, pp. 491-507, 1993.
https://doi.org/10.1002/eqe.4290220603

[8] R. Villaverde, M. Aguirre, and C. Hamilton, “Aseismic roof isolation system built with steel oval elements: exploratory
study,” Earthquake Spectra, vol. 21, no. 1, pp. 225-241, 2005. https://doi.org/10.1193/1.1850528

[9] F.Sadek, B. Mohraz, A. W. Taylor, and R. M. Chung, “A method of estimating the parameters of tuned mass dampers
for seismic applications,” Earthquake Engineering & Structural Dynamics, vol. 26, no. 6, pp. 617-635, 1997.
https://doi.org/10.1093/biomet/37.1-2.173

[10] R. Rana and T. T. Soong, “Parametric study and simplified design of tuned mass dampers,” Engineering Structures,
vol. 20, no. 3, pp. 193-204, 1998. https://doi.org/10.1016/S0141-0296(97)00078-3

[11] TT. Soong, Passive Energy Dissipation Systems in Structural Engineering, 1997

[12] H. Cetin and E. Aydin, “A new tuned mass damper design method based on transfer functions,” KSCE Journal of
Civil Engineering, vol. 23, no. 10, pp. 4463-4480, 2019. https://doi.org/10.1007/s12205-019-0305-x

[13] R. S. Jangid and T. K. Datta, “Performance of multiple tuned mass dampers for torsionally coupled system,”
Earthquake  Engineering &  Structural Dynamics, vol. 26, no. 3, pp. 307-317, 1997
https://doi.org/10.1002/(SIC1)1096-9845(199703)26:3%3C307::AID-EQE639%3E3.0.CO;2-8

[14] J. L. Almazan, G. Espinoza, and J. J. Aguirre, “Torsional balance of asymmetric structures by means of tuned mass
dampers,” Engineering Structures, vol. 42, pp. 308-328, 2012. https://doi.org/10.1016/j.engstruct.2012.04.034

[15] R. Soto-Brito and S. E. Ruiz, “Influence of ground motion intensity on the effectiveness of tuned mass dampers,”
Earthquake Engineering &  Structural Dynamics, vol. 28, no. 11, pp. 1255-1271, 1999.
https://doi.org/10.1002/(SICI)1096-9845(199911)28:11%3C1255:: AID-EQE865%3E3.0.CO;2-C

[16] P. Lukkunaprasit and A. Wanitkorkul, “Inelastic buildings with tuned mass dampers under moderate ground motions
from distant earthquakes,” Earthquake Engineering & Structural Dynamics, vol. 30, no. 4, pp. 537-551, 2001.
https://doi.org/10.1002/eqe.22

[17] T. Pinkaew, P. Lukkunaprasit, and P. J. E. S. Chatupote, “Seismic effectiveness of tuned mass dampers for damage
reduction of structures,” Engineering Structures, vol. 25, no. 1, pp. 39-46, 2003. https://doi.org/10.1016/S0141-
0296(02)00115-3

[18] S. Sgobba and G. C. Marano, “Optimum design of linear tuned mass dampers for structures with nonlinear
behaviour,” Mechanical Systems and Signal Processing, vol. 24, no. 6, pp. 1739-1755, 2010.
https://doi.org/10.1016/j.ymssp.2010.01.009

[19] T. Hashimoto, K. Fujita, M. Tsuji, and I. Takewaki, “Innovative base-isolated building with large mass-ratio TMD
at basement for greater earthquake resilience,” Future Cities and Environment, vol. 1, no. 1, p. 9, 2015.
https://doi.org/10.1186/s40984-015-0007-6

[20] X.Yin, G. Song, and Y. Liu, “Vibration suppression of wind/traffic/bridge coupled system using multiple pounding
tuned mass dampers (MPTMD),” Sensors, vol. 19, no. 5, p. 1133, 2019. https://doi.org/10.3390/s19051133

Lf"/JAJ’qUWu“""'L“SMA'JJ"‘:‘ ’f'f“}[ﬁa‘)u:ﬂijdlw


https://doi.org/10.1002/eqe.4290220603
https://doi.org/10.1002/eqe.4290220603
https://doi.org/10.1002/eqe.4290220603
https://doi.org/10.1193/1.1850528
https://doi.org/10.1193/1.1850528
https://doi.org/10.1193/1.1850528
https://doi.org/10.1093/biomet/37.1-2.173
https://doi.org/10.1093/biomet/37.1-2.173
https://doi.org/10.1093/biomet/37.1-2.173
https://doi.org/10.1016/S0141-0296(97)00078-3
https://doi.org/10.1016/S0141-0296(97)00078-3
https://doi.org/10.1016/S0141-0296(97)00078-3
https://cir.nii.ac.jp/crid/1130000796280131072
https://doi.org/10.1007/s12205-019-0305-x
https://doi.org/10.1007/s12205-019-0305-x
https://doi.org/10.1007/s12205-019-0305-x
https://doi.org/10.1002/(SICI)1096-9845(199703)26:3%3C307::AID-EQE639%3E3.0.CO;2-8
https://doi.org/10.1002/(SICI)1096-9845(199703)26:3%3C307::AID-EQE639%3E3.0.CO;2-8
https://doi.org/10.1002/(SICI)1096-9845(199703)26:3%3C307::AID-EQE639%3E3.0.CO;2-8
https://doi.org/10.1016/j.engstruct.2012.04.034
https://doi.org/10.1016/j.engstruct.2012.04.034
https://doi.org/10.1016/j.engstruct.2012.04.034
https://doi.org/10.1002/(SICI)1096-9845(199911)28:11%3C1255::AID-EQE865%3E3.0.CO;2-C
https://doi.org/10.1002/(SICI)1096-9845(199911)28:11%3C1255::AID-EQE865%3E3.0.CO;2-C
https://doi.org/10.1002/(SICI)1096-9845(199911)28:11%3C1255::AID-EQE865%3E3.0.CO;2-C
https://doi.org/10.1002/eqe.22
https://doi.org/10.1002/eqe.22
https://doi.org/10.1002/eqe.22
https://doi.org/10.1016/S0141-0296(02)00115-3
https://doi.org/10.1016/S0141-0296(02)00115-3
https://doi.org/10.1016/S0141-0296(02)00115-3
https://doi.org/10.1016/S0141-0296(02)00115-3
https://doi.org/10.1016/j.ymssp.2010.01.009
https://doi.org/10.1016/j.ymssp.2010.01.009
https://doi.org/10.1016/j.ymssp.2010.01.009
https://doi.org/10.1186/s40984-015-0007-6
https://doi.org/10.1186/s40984-015-0007-6
https://doi.org/10.1186/s40984-015-0007-6
https://doi.org/10.3390/s19051133
https://doi.org/10.3390/s19051133
https://doi.org/10.3390/s19051133

L;L@a/wf;&wj ‘Mm@"wﬁ;/ﬂ‘ﬂ‘-’ww/&/“«eu‘ij Ar

[21] A. Kaveh, M. F. Farzam, and R. Maroofiazar, “Comparing H2 and Heo algorithms for optimum design of tuned mass

[22]

[23]

[24]

[25]

[26]

[27]

[28]

dampers under near-fault and far-fault earthquake motions,” Periodica Polytechnica Civil Engineering, vol. 64, no.
3, pp. 828-844, 2020. https://doi.org/10.3311/ppci.16389.

A. E. Charalampakis, G. C. Tsiatas, and P. Tsopelas, “A mass-reduction design concept for seismic hazard
mitigation,” Earthquake Engineering & Structural Dynamics, vol. 49, no. 3, pp. 301-314, 2020.
https://doi.org/10.1002/eqe.3239
K. K. Wong and J. Johnson, “Seismic energy dissipation of inelastic structures with multiple tuned mass dampers,”
Journal of Engineering Mechanics, vol. 135, no. 4, pp. 265-275, 2009.

J. A. Inaudi and J. M. Kelly, “Mass damper using friction-dissipating devices,” Journal of Engineering Mechanics,
vol. 121, no. 1, pp. 142-149, 1995. https://doi.org/10.1061/(ASCE)0733-9399(1995)121:1(142)

F. Ricciardelli and B. J. Vickery, “Tuned vibration absorbers with dry friction damping,” Earthquake Engineering
& Structural Dynamics, vol. 28, no. 7, pp. 707-723, 1999. https://doi.org/10.1002/(SICI)1096-
9845(199907)28:7%3C707::AID-EQE836%3E3.0.CO;2-C

G. L. Lin, C. C. Lin, L. Y. Lu, and Y. B. Ho, “Experimental verification of seismic vibration control using a semi-
active friction tuned mass damper,” Earthquake Engineering & Structural Dynamics, vol. 41, no. 4, pp. 813-830,
2012. https://doi.org/10.1002/eqe.1162
C.C. Lin, G. L. Lin, and J. F. Wang, “Protection of seismic structures using semi-active friction TMD,” Earthquake
Engineering & Structural Dynamics, vol. 39, no. 6, pp. 635-659, 2010. https://doi.org/10.1002/ege.961

Z. Gewei and B. Basu, “A study on friction-tuned mass damper: harmonic solution and statistical linearization,”

Journal of Vibration and Control, vol. 17, no. 5, pp. 721-731, 2011. https://doi.org/10.1177/1077546309354967

[29] A. Y. Pisal and R. S. Jangid, “Dynamic response of structure with tuned mass friction damper,” International Journal

[30]

[31]

[32]

[33]

[34]

of Advanced Structural Engineering, vol. 8, no. 4, pp. 363-377, 2016. https://doi.org/10.1007/s40091-016-0136-7
A.Y. Pisal and R. S. Jangid, “Seismic response of multi-story structure with multiple tuned mass friction dampers,”
International Journal of Advanced Structural Engineering (IJASE), vol. 6, no. 1, p. 46, 2014.
https://doi.org/10.1007/s40091-014-0046-5

E. Matta, “Bidirectional pendulum vibration absorbers with homogeneous variable tangential friction: modelling
and design,” Journal of Structural Construction Engineering, vol. 12, no. 11, pp. 1074-1082, 2018.
https://doi.org/10.7712/120119.7267.19743

J. E. C. Carmona, S. M. Avila, and G. Doz, “Proposal of a tuned mass damper with friction damping to control
excessive floor  vibrations,” Engineering Structures, vol. 148, pp. 81-100, 2017.
https://doi.org/10.1016/j.engstruct.2017.06.022

S. Y. Kim and C. H. Lee, “Analysis and optimization of multiple tuned mass dampers with coulomb dry friction,”
Engineering Structures, vol. 209, p. 110011, 2020.https://doi.org/10.1016/j.engstruct.2019.110011

M. Salimi, R. Kamgar, and H. Heidarzadeh, “An evaluation of the advantages of friction TMD over conventional

TMD,” Innovative Infrastructure Solutions, vol. 6, no. 2, p. 95, 2021. https://doi.org/10.1007/s41062-021-00473-5

TFOF Ol oplot uiia 5 o Jlo 32 Ol ailiga 4 o


https://doi.org/10.3311/ppci.16389
https://doi.org/10.3311/ppci.16389
https://doi.org/10.3311/ppci.16389
https://doi.org/10.3311/ppci.16389.
https://doi.org/10.1002/eqe.3239
https://doi.org/10.1002/eqe.3239
https://doi.org/10.1002/eqe.3239
https://doi.org/10.1061/(ASCE)0733-9399(2009)135:4(265)
https://doi.org/10.1061/(ASCE)0733-9399(2009)135:4(265)
https://doi.org/10.1061/(ASCE)0733-9399(1995)121:1(142)
https://doi.org/10.1061/(ASCE)0733-9399(1995)121:1(142)
https://doi.org/10.1061/(ASCE)0733-9399(1995)121:1(142)
https://doi.org/10.1002/(SICI)1096-9845(199907)28:7%3C707::AID-EQE836%3E3.0.CO;2-C
https://doi.org/10.1002/(SICI)1096-9845(199907)28:7%3C707::AID-EQE836%3E3.0.CO;2-C
https://doi.org/10.1002/(SICI)1096-9845(199907)28:7%3C707::AID-EQE836%3E3.0.CO;2-C
https://doi.org/10.1002/(SICI)1096-9845(199907)28:7%3C707::AID-EQE836%3E3.0.CO;2-C
https://doi.org/10.1002/eqe.1162
https://doi.org/10.1002/eqe.1162
https://doi.org/10.1002/eqe.1162
https://doi.org/10.1002/eqe.1162
https://doi.org/10.1002/eqe.961
https://doi.org/10.1002/eqe.961
https://doi.org/10.1002/eqe.961
https://doi.org/10.1177/1077546309354967
https://doi.org/10.1177/1077546309354967
https://doi.org/10.1177/1077546309354967
https://doi.org/10.1007/s40091-016-0136-7
https://doi.org/10.1007/s40091-016-0136-7
https://doi.org/10.1007/s40091-016-0136-7
https://doi.org/10.1007/s40091-014-0046-5
https://doi.org/10.1007/s40091-014-0046-5
https://doi.org/10.1007/s40091-014-0046-5
https://doi.org/10.7712/120119.7267.19743
https://doi.org/10.7712/120119.7267.19743
https://doi.org/10.7712/120119.7267.19743
https://doi.org/10.1016/j.engstruct.2017.06.022
https://doi.org/10.1016/j.engstruct.2017.06.022
https://doi.org/10.1016/j.engstruct.2017.06.022
https://doi.org/10.1016/j.engstruct.2019.110011
https://doi.org/10.1016/j.engstruct.2019.110011
https://doi.org/10.1016/j.engstruct.2019.110011
https://doi.org/10.1007/s41062-021-00473-5
https://doi.org/10.1007/s41062-021-00473-5
https://doi.org/10.1007/s41062-021-00473-5

A

o L}:"’“’_JAL'/;_}‘“’""’ D prens

[35]

[36]

[37]

[38]
[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

B. Besharatian, H. T. Riahi, R. Garcia, and 1. Hajirasouliha, “Particle swarm optimization of friction tuned mass
dampers subjected to ground motion records,” Soil Dynamics and Earthquake Engineering, vol. 172, p. 107995,
2023. https://doi.org/10.1016/j.s0ildyn.2023.107995

B. Besharatian, H. T. Riahi, R. Garcia, and 1. Hajirasouliha, “A practical optimisation method for friction tuned
mass dampers in multi-storey buildings subjected to earthquake excitations,” Soil Dynamics and Earthquake
Engineering, vol. 184, p. 108857, 2024. https://doi.org/10.1016/j.soildyn.2024.108857

S. Mazzoni, F. Mckenna, MH. Scott, GL. Fenves, Open system for earthquake engineering simulation user
command-language manual.

CSI Analysis Reference Manual, ETABS version 21.1.0 User Manual.

S.M Zahrai, M.Ghannadi-Asl1, “Seismic Performance of TMDs in Improving the Response of MRF Buildings,”
Scientia lranica, vol. 15, no. 1, pp 21-33, 2008.

A. K. Chopra, Dynamics of Structures, Pearson Education India, 2007.

A. K. Chopra and C. Chintanapakdee, “Comparing response of SDF systems to near-fault and far-fault earthquake
motions in the context of spectral regions,” Earthquake Engineering & Structural Dynamics, vol. 30, no. 12, pp.
1769-1789, 2001. https://doi.org/10.1002/eqe.92

B. Alavi and H. Krawinkler, Effects of Near-Fault Ground Motions on Frame Structures, Stanford: John A. Blume
Earthquake Engineering Center, 2001, p. 301.

N. N. Ambraseys and J. Douglas, “Near-field horizontal and vertical earthquake ground motions,” Soil Dynamics
and Earthquake Engineering, vol. 23, no. 1, pp. 1-18, 2003. https://doi.org/10.1016/S0267-7261(02)00153-7

J. D. Bray and A. Rodriguez-Marek, “Characterization of forward-directivity ground motions in the near-fault
region,” Soil Dynamics and Earthquake Engineering, vol. 24, no. 11, pp. 815-828, 2004.
https://doi.org/10.1016/j.s0ildyn.2004.05.001

PEER Ground Motion Database, http://peer.berkeley.edu

S.Y. Kim and C. H. Lee, “Analysis and optimization of multiple tuned mass dampers with coulomb dry friction,”
Engineering Structures, vol. 209, p. 110011, 2020. https://doi.org/10.1016/j.engstruct.2019.110011

A. Kaveh and S. R. Ardebili, “A comparative study of the optimum tuned mass damper for high-rise structures
considering soil-structure interaction,” Periodica Polytechnica Civil Engineering, vol. 65, no. 4, pp. 1036-1049,

2021.

Lf"/JAJ’qUWu“""'L“SMA'JJ"‘:‘ ’f'f“}[ﬁa‘)u:ﬂijdlw


https://doi.org/10.1016/j.soildyn.2023.107995
https://doi.org/10.1016/j.soildyn.2023.107995
https://doi.org/10.1016/j.soildyn.2023.107995
https://doi.org/10.1016/j.soildyn.2023.107995
https://doi.org/10.1016/j.soildyn.2024.108857
https://doi.org/10.1016/j.soildyn.2024.108857
https://doi.org/10.1016/j.soildyn.2024.108857
https://doi.org/10.1016/j.soildyn.2024.108857
https://opensees.berkeley.edu/
https://opensees.berkeley.edu/
https://wiki.csiamerica.com/display/doc/CSI+Analysis+Reference+Manual
https://wiki.csiamerica.com/display/doc/CSI+Analysis+Reference+Manual
https://wiki.csiamerica.com/display/doc/CSI+Analysis+Reference+Manual
https://www.sid.ir/EN/VEWSSID/J_pdf/95520080115.pdf
https://www.sid.ir/EN/VEWSSID/J_pdf/95520080115.pdf
http://bayanbox.ir/view/4429831926482804928/Anil-K.-Chopra-Dynamics-of-Structures-Theory-and-applications-to-earthquake-engineering-Prentice-Hall-2011.pdf
https://doi.org/10.1002/eqe.92
https://doi.org/10.1002/eqe.92
https://doi.org/10.1002/eqe.92
https://doi.org/10.1002/eqe.92
https://stacks.stanford.edu/file/druid:cx534fy3768/TR138_Alavi.pdf
https://stacks.stanford.edu/file/druid:cx534fy3768/TR138_Alavi.pdf
https://doi.org/10.1016/S0267-7261(02)00153-7
https://doi.org/10.1016/S0267-7261(02)00153-7
https://doi.org/10.1016/S0267-7261(02)00153-7
https://doi.org/10.1016/j.soildyn.2004.05.001
https://doi.org/10.1016/j.soildyn.2004.05.001
https://doi.org/10.1016/j.soildyn.2004.05.001
http://peer.berkeley.edu/
http://peer.berkeley.edu/
https://doi.org/10.1016/j.engstruct.2019.110011
https://doi.org/10.1016/j.engstruct.2019.110011
https://doi.org/10.1016/j.engstruct.2019.110011
https://pp.bme.hu/ci/article/view/18386
https://pp.bme.hu/ci/article/view/18386
https://pp.bme.hu/ci/article/view/18386

J@a/dﬁ;&w‘; A,L.ﬁ/.:.ﬁiwﬁﬂﬂj/ulé&a/‘;/wuawjj AY

H""ulﬁyu‘ﬂ.ﬁ.&‘jwd[.ﬂ WJJJ"")L’“&L”“W‘QJ“:"



	2-1367.pdf
	2--M1.pdf

