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A friction damper is one of useful displacement-depending energy dissipation devices; however, it is necessary to obtain

the mechanical characteristics of each friction material through various experiments. Also the conventional design

methods obtaining the optimal damper stiffness distribution to adjust response story drift angle to target values is

inconvenient for friction dampers. In this paper, dynamic loading tests for friction dampers with different kinds of

materials are conducted, and characteristics of each material are compared. Further, an alternative method to design

the response-controlled structures with optimal friction damper distributions based on the strength index is proposed,

and their validity is confirmed.
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R {/« M, NS\
W e
1% 24 CRC) T
| |
Load cell of friction part (Nb1) Flg 2 Test Setup — X
Stud bolt M6 L=50mm Ii' Load cell of friction part (Nb2) Stata .
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Fig. 1 Friction damper Specimen
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Fig. 4 Results of dynamic loading tests
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Fig. 6 Calculation of average slip coefficient
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Fig. 7 Variation of average slip coefficients
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Fig. 8 Average slip coefficient - amplitude relationships
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Fig. 9 Average slip coefficient - maximum velocity relationships
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Fig. 10 Slip coefficient - cumulative displacement relationships
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Table 2 Dimension properties of frame model

Story Mass | Stiffness Height Column Beam
) (kN/mm) (m) (type : BCP325) (type : SS400)

15 581 258 54.8 | C1:0-550x22 | Gl :H-550x200x9x16
14 430 298 51.2 G1 :H-550x200x9x16
13 430 327 47.6 G2 :H-600x200x10x18
12 430 337 44.0

11 430 350 404 | C1:0-550x22

10 430 356 36.8 | C2:0-550x25

9 434 362 332

8 438 376 29.6

7 438 418 26.0 G2 :H-600%200x10x18
6 438 465 224 G2 :H-650x200x12x22
5 438 482 18.8

4 438 493 15.2

3 438 513 11.6

2 480 594 8.0 C2:[0-550%25 [ G3 :H-650x200x12x22
1 480 600 4.4 C3:[-550x32 [ G4 :H-700x200x13x24
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Fig. 16 Studied frame model
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Table 3 Horizontal dimensions of dampers

E dissipation devi Horizontal stiffhess | Slip (Yield) force | Slip (Yield) displacement
nergy dissipation device ¥, (<N/mm) 0, (kN) «, (mm)
FD 352 1089 3.10
BRB 227 1089 4.80

—O— BCIL2 —O—  IMA-Kobe NS —N7— Taft EW

—{1— ElCentro. NS —7/N— Hachinohe NS

,,,,,,, ﬁ=

0 ‘ 1 ;
00005 000 00150 0015 0 0.005 001 0015

Maximum story drift angle (rad) Maximum story drift angle (rad) Maximum story drift angle (rad)

(a-1) 0=1/100

(a-2) 6=1/150
(a) FD-RP series

(a-3) 0=1/200

0 i i [ : M |
0~ 0.005 0.01 0.015 0 0.005 0.01 0.015 0 0.005 0.01 0.015
Maximum story drift angle (rad) Maximum story drift angle (rad) Maximum story drift angle (rad)

(b-1) 6=1/100 (b-2) 6=1/150 (b-3) 6=1/200
(b) FD-EP series

[ H
0.005 0.01 0.015 0 0.005 0.01 0.015

0 5 H
0 0.005 0.01 0.015 0
Maximum story drift angle (rad) Maximum story drift angle (rad) Maximum story drift angle (rad)

(c-2) 6=1/150
(c) BRB-EP series

(c-1) 0=1/100 (c-3) 0=1/200

Fig. 21 Maximum story drift angle

— 1311 —



Bl O LIkt LT HENZEE R, £72, @i
TH PR D AREUTIEEE£10% D P T2 E L TV D,

#F

4) BEXN—OWRYMEZERE LA ORE S N — 'k
RERIEZREL, MABISERITIC LD BERGEZIT 72 & 2
5, WEEBEZ VD 2 & TR TE L FBORE TR
EEz BB AICHTE 5 Z L hbnoTe,
EifEs
AWEDERIZ DTV, Az =7V 7 ELRK, AL

ik : TREFEIC, MR IR D T & TH& £ L7z, Rl L £,

SEXH
1) Pall A.S. and Marsh C. : Seismic Response of Friction Damped Braced Frame,

Journal of Structural Division, ASCE, Vol.108, No.ST6, pp.1313-1323, 1982
2) Teramoto, T. et al : Application of friction damper to highrise steel building
(Part1-3),

Institute of Japan, Structure-1,

Summaries of Technical Papers of Annual Meeting, Architectural

pp.873-878, 1987.7 (in Japanese)
SFARMEEED L B A= OB EEEY~OEM (XD 1~ 0 3),
HARFEEL 2 RPN EAFESE, B-1, pp.873-878, 1987.7

3) Katayama, N. et al : Application of friction damper to highrise steel building
(Part4-5), Summaries of Technical Papers of Annual Meeting, Architectural
Institute of Japan, Structure-1, pp.665-668, 1989.7 (in Japanese)
R A E D - B S — OB~ DR (Z2D 4~2 D 5),
H ARG P RPN ERESE, B-1, pp.665-668, 1989.7

4) Gregorian, C.E.etal.: Slotted Bolted Connection Energy Dissipaters, Earthquake
Spectra, Vol.9, FDI1-3, pp.491-504, 1993

5)  Sano, T., Suzui, Y., Hino, Y., Takahashi, Y.: Development of Friction Slip Damper
using High Tension Bolts, Report of Obayashi Corporation Technical Research
Institute, No.62, pp.13-20, 2001 (in Japanese)
PERFIIE, SRFRRIE, PUPHERK, SBHGE @ @RV MEREAIRY 2R
— (FU—FF 0 38—) OB, KHHEARFEETH, No.62, pp.13-20, 2001

6) Sano, T., Nomura, J.: Development of Friction Slip Damper using High Tension
Bolts (Part2), Report of Obayashi Corporation Technical Research Institute,
No.70, pp.1-6, 2006 (in Japanese)
VERFRIE, BPRRE @Ry PEEESR Y X = (T —F N
—) OF% (Z202), KWMEIIFZEHTE#R, No.70, pp.1-6, 2006

7) Suzui, Y., Sano, T., Nomura, J.,, Utsumi, Y.: Developmentof Advanced
Brake Damper, Report of Obayashi Corporation Technical Research Institute,
No.73, pp.1-6, 2009 (in Japanese)
SHRREIE, EEFREE, EPANE, NERR R T L —%F U R— D
I, RMAEATAFZEITH, No.73, pp.1-6, 2009

8) Suzui, Y, Sano, T., Nomura, J., Utsumi, Y.: Developmentand Practical
Application of a Brake Damper with Four-fold Shear Faces, Report of Obayashi
Corporation Technical Research Institute, No.75, pp.1-6, 2011 (in Japanese)

HREE, IR, BANE, MR 4mER [T L —F 28—

mf%ﬂ%é L IERME, RGBS JEPT#H], No.75, pp.1-6, 2011

9) Shirai, K., Sano, T., Suzui, Y., Kageyama, M., Kikuchi, M. : Development

of Friction Damper with Displacement Dependent Variable Damping Force

Characteristics, AlJJournal of Technology and Design, Vol.18, No.38, pp.85-

90, 2012.2 (in Japanese)

AR, REPRIE, EhRRELE, BEILW, S9HIE « ZEOKAFT o 2 R

TVRHE AR T D EEE S v — DRSS, AR REMT A E, Vol.18,

No.38, pp.85-90, 2012.2

Sano, T., Katsumata, H., Nomura, J.:

Method with Brake Damper for RC Building, Report of Obayashi Corporation

Technical Research Institute, No.71, pp.1-6, 2007 (in Japanese)

VERFIIEE, BRI, BAHE . 7L —% X =S ka2 )

— MY OMEAMR TIEOBTE, KWHESTIFEFTH, No.71, pp.1-6,

2007

11) Narita, K., Terazawa, Y., Machara, K.etal. :
Response Evaluation of Steel Roof Bearings with Friction Dampers, Journal of

No.717,

10) Development of Seismic Retrofitting

Dynamic Loading Tests and

Structural and Construction Engineering (Transactions of AlJ),
pp.1715-1725, 2015.11 (in japanese)

— 1312 —

Story

Story

12) Takeda, A., Ina, Y., Niikura, I.etal.:
with Brake Damper, Report of Obayashi Corporation Technical Research
Institute, No.75, pp.1-10, 2011 (in Japanese)

HHEESE, FREE, A B 17 L —% 70 =) & il =R
EROBTE, KMAEAHFZEATH#, No.75, pp.1-10, 2011

Bowden, F., Tabor, D.: The Friction and Lubrication of Solids, Soda, N.,
Trans., Maruzen Co., Ltd, 1961

Bowden, F., Tabor, D.: [E{KDEEEL MM, &HMZR, 1961

Kasai, K., Ito, H.: Passive Control Design Method based on Tuning of Stiffness,
Yield Strength, and Ductility of Elasto-Plastic Damper, Journal of Structural and
Construction Engineering (Transactions of AIJ), No.595, pp.45-55, 2005.9 (in
Japanese)

FEMA : NERHP Guidelines for the Seismic Rehabilitation of Buildings 1997
(FEMA273) Chapter9, Washington D.C., 1996

FEMA : NERHP recommended Provisions for Seismic Regulation for New
Buildings and Other Structures 2000 Edition (FEMA368) Appendix to Chapter13,
Washington D.C., 2000

Japan Society of Seismic Isolation : Manual for Design and Construction of
Passively-Controlled Buildings 2™ Edition, Daioh Co., Ltd, 2005 (in Japanese)
AASURAE 2 /%y & T HIRMERGL - fi L~ =271, % 2 1)L, 2005
Newmark, N.M. and Rosenblueth, E. “Fundamental of Earthquake Engineering.”
1971

Iwan, W.D. “Estimating Earthquake Response of Simple Hysteretic Structures”
Journal of the Earthquake Mechanics Division, ASCE, pp.391-405, 1979

Development of Damping Bridge System

13)

14)

15)

16)

17)

18)
Prentice-Hall Inc,
19)

20) BRI : Evaluation of Design Earthquake Ground Motion for Buildings, Building
Research data, No.83, 1994.11
FESERTZERT « BRI HURB K Fik, HEEATZEER, No.83, 1994.11
T 1 FHEREROEREDCRE

RP &7 /L O A E R ORI B3 2 Mt il &2 DU ISR T, o D%
LOMBIRA IR TS THRBOY v _—EE R L, RIS E RN 21T o
oo TORERO % Fig. A-1 WY, 7285, 22 CIIEKOLZD, @EKkE—
ROEBEITEZE L TR, a=1.0 DA, 6=1/100, 1/150rad TIx, HAIG
AT IMA-Kobe NS i &, HAEEME D /NS B TETWDH R,
0=1/200rad TiZ, HIEEMARALZEBZ2EHREZL b5, a=0.7 TH /8

%fz%tﬂb REANEARAT 21T - 72856, 0=1/200rad T b I KIGEE & 42
FAEEAHTICHIE TE 2 2 En3bnd
—O— BCIJ-L2 —— JMA-Kobe NS —</— Taft EW
—{F+— ElCentro NS —ZN— Hachinohe NS

1/150 1/200
: 1

0 : i H ; H :
0 0.005 0.01 0.015 0 0.005 0.01 0.015 0 0.005 0.01 0.015
Maximum story drift angle (rad) Maximum story drift angle (rad) Maximum story drift angle (rad)

(a-1) 6=1/100 (a-2) 0=1/150 (a-3) 6=1/200

(a) a=1.0
1/150

o : i ‘ ] ‘
0 0.005 0.01 0.015 0 0005 0.01 0.015 0 0005 0.01 0.015
Maximum story drift angle (rad) Maximum story drift angle (rad) Maximum story drift angle (rad)

(b-1) 6=1/100 (b-2) 6=1/150 (b-3) 6=1/200
(b) a=0.7

Fig. A-1  Maximum story drift angle (a=1.0, 0.7)



MECHANICAL CHARACTERISTICS AND RESPONSE CONTROL EFFECTS OF
FRICTION DAMPERS WITH VARIOUS FRICTION MATERIALS

Ryota MATSUZAKI*I, Ryota MATSUI*Z, Toru YOSHIKAWA *3,
Kentaro MINOWA ** and Toru TAKEUCHI *®

*!' Former Grad. Student, Dept. of Arch. and Build. Eng., Tokyo Institute of Technology, M.Eng.
*2 Assoc. Prof, Grad. School of Eng, Hokkaido University, Dr.Eng.
*3 Advanced Technology Research & Development Center, Hitachi Chemical Co., Ltd., M.Eng.
*! Design & Eng. Dept,, Nippon Steel Engineering Co., Ltd,, M.Eng.
** Prof, Dept. of Arch. and Build. Eng., Tokyo Institute of Technology, Dr.Eng.

1. Introduction

A friction damper is one of displacement-depending energy dissipation devices and used for a wide range of structures. For the
micro friction mechanism is not completely explained, it is necessary to obtain the mechanical characteristics of each friction
material through various experiments for practical use. Also previously researchers proposed design methods obtaining the
optimal damper stiffness distribution to adjust story drift angle of response-controlled structures to target values. However, it is
inconvenient to apply this method to simulate the behavior of friction dampers because their amount is defined by slip force. In
this paper, dynamic loading tests for friction dampers with two kinds of organic brake materials and one metallic sintered brake
material are carried out, and characteristics of each material are compared and their hysteresis are modeled. Further, an alternative
method to design the response-controlled structures with optimal friction damper distributions based on strength index is proposed,
and their validity is confirmed.

2. Dynamic Loading Tests of Friction Dampers with Various Materials

Dynamic loading tests for friction dampers with materials A, B and C are carried out. From the test results, each material showed
rigid-plastic hysteresis. Slip coefficient of material A is about 0.5, and affected by cumulative displacement and temperature.
Material B is greatly affected by maximum velocity, cumulative displacement and temperature and value of slip coefficient is
also about 0.5. Material C has excellent durability against many repetitions, and it is less affected by amplitude, maximum velocity,
cumulative displacement and temperature. Further, representing among these materials, the hysteresis curve of material A is
modeled by bi-linear model for the frame study.

3. Optimal Damper Distribution Design Method for Rigid-Plastic Hysteresis

Next, a new index of rigid-plastic hysteresis, Q./K,u,, is proposed as a ratio of Q./u, to Ky (Q./u,, : secant rigidity at maximum
deformation, K : elastic stiffness of frame). Using Q./K,u,,, equivalent stiffness: K., rp), equivalent damping factor: /.qzp) and
optimal damper distribution method can be redefined.

4. Verification of Passive Control Effectiveness and Proposed Design Method by Time History Analysis

The amount of damper in each story is derived using the proposed strength-based method and conventional stiffness-based method
for 15-story steel frame. The damper distribution by proposed method gave even response story drift angle distributions close to
the target, and confirmed its validity.

5. Conclusions

1) Material A showed relatively stable rigid-plastic hysteresis with the high average slip coefficient. However, it decreases
when the temperature increases. However, the average slip coefficient is generally within the range of the reference value
+10% under the condition of ordinary temperature.

2) Material B showed hourglass hysteresis curve, and averaged slip coefficient was greatly influenced by maximum velocity
and temperature.

3) Material C showed hysteresis of stable rigid-plastic and excellent durability against many repetitions while its average slip
coefficient is relatively low. The average slip coefficient is stable within the range of the reference value +10% even under
high temperature conditions.

4) The proposed optimal damper distribution design method based on strength index for response control structures with rigid-
plastic hysteresis gave the response where the maximum story drift angle being successfully controlled at the target story drift

angle, confirming its validity.

(2019 4% 2 H 9 HIEAG523, 2019 45 6 A 5 HERHIHwE)

— 1313 —



