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Fig. 2. Free vibrations with friction damper
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Fig. 1. Free body diagram

.(g—\J@)Mn)ﬂCﬁwa&?x}

11- Martinez

12- Curadelli

13- Wang

14- Arc-surfaced Frictional Damper
15- Polyurethane Elastomer

16- Lee


https://blog.faradars.org/%D9%82%D9%88%D8%A7%D9%86%DB%8C%D9%86-%D8%AD%D8%B1%DA%A9%D8%AA-%D9%86%DB%8C%D9%88%D8%AA%D9%86-%D8%A8%D9%87-%D8%B2%D8%A8%D8%A7%D9%86-%D8%B3%D8%A7%D8%AF%D9%87/
https://blog.faradars.org/%D9%82%D9%88%D8%A7%D9%86%DB%8C%D9%86-%D8%AD%D8%B1%DA%A9%D8%AA-%D9%86%DB%8C%D9%88%D8%AA%D9%86-%D8%A8%D9%87-%D8%B2%D8%A8%D8%A7%D9%86-%D8%B3%D8%A7%D8%AF%D9%87/
http://dx.doi.org/10.22034/23.5.5
https://mcej.modares.ac.ir/article-16-66462-en.html
http://dx.doi.org/10.22034/23.5.5
https://mcej.modares.ac.ir/article-16-66462-fa.html

[ Downloaded from mcej.modares.ac.ir on 20258-02-18 |

[ DOI: 10.22034/23.5.5]

Oan 5 sl glal Ol

LI . . 9 /'IN ~ 20
s 3 (KX) 8 8 ik x| <5 = S fund o
(’J?- 44.}4;... L)'-i‘ DL 449.9.;..’ DL k;vw‘ fws MN;S&]Q‘&(
b ot S (1) ol [ slins 5y ol 5108 oo B g2
x5 BBYY 5 Y bl a5 L gl e S A

NG

XO_rZ,uNS,uN )
k k
xo—ﬂ V)
r>|— k_
2uN
k

fom i iz s Ledd ol anir Sl qts
5 o1t Uy S50 3 St Ut g > S
05 e 3l uss )y ol sl lesle s Shae Cilal
L ol ot oslined Sslite 2530 0 g5 A 5 e o
Sl C)k_w)) adiy OlS = ol s 1y W’fﬁ“"
ao Sl odd mor gy ol 5 A8 bl calises (gl )
o slie s S5 4S50 b pme S Oledige Ol Sea 3
Dyt sl VL O Ll s s Sl glasl e s
P Gl s s asdllas e cpl 3 55 50 6515
Ol So L el ol i S S Sl aslial b SIS
' (FCFD) sV 53 sla b8 a5 o g d
e Sy Sl ML Sl Gl e AS e
e 5 S S S e Sl S e
SWaol Sliw s Sas 5 g S 5 ML e 2l
5,8 o ol axdlas 550 S (5l

(ki 55 (Sl T 0 (S xo -Y
il e Ao Sl (gl SWasl S
3V Dlio Wil SOl by g oS cl sl S5
g Vs L ooV ol Olall e i) kg
3T IS g e Ll Jlal ea a el 5 (60Y
S SWaol s 53 Cads 5 sy

1- Flat Cylindrical Friction Damper
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Size of bolt Fy Fu Fy/Fu Elongation  Poisson’s ratio
(MPa) (MPa) (%)

A325-12 660 810 0.81 10 0.3

A325-16 660 810 0.81 11 0.3

A325-20 660 810 0.81 14 0.3

A325-22 660 810 0.81 17 0.3

Table 2. Specification of connection bolts

oslizal 5550 sl S Sliasein ¥ g

number Diameter Ultimate Ultimate Elastic Poisson’s Cross-
(mm) elongation  strain  modulus ratio sectional area
(mm) (%) (GPa) (mm?)
1 14 25.36 12.10 109.43 0.3 72.5
2 17 25.36 12.56 109.43 0.3 107.8
3 20 25.36 12.90 109.43 0.3 152.36
4 21.5 25.36 13.52 109.43 0.3 186.6
5 26 25.36 14.73 109.43 0.3 258.4
Table 3. Specifications of cables used
% Diameter 14 '°°° | Diameter17 '°%° | Diameter 20 1000 Diameter 21.5 99" Diameter 26
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Fig. 12. The cable force with different diameters
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Material Density

modulus Young's

N/mm?

Steel 7850

2.05 x 10° 0.3

Table 4. Specifications of modeling materials in Abaqus

oosSUT s Saanly Flas Slasie 0 dpu

Hardening yield stress yield stress yield reloading Sliding force
N/mm? N/mm? stiffness stress  vyiel
for ts <40 mm  for ts > 40 mm ratio ratio

Isotropic 357.5 3245 0.001 0.7 800 to 1100

Table 5. Specifications of plastic materials in Abaqus
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Fig. 13. Laboratory dimensions, modeling and stress concentration in the frictional area of the damper in the research of Sano et al.
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Fig. 15. Damper cylindrical element strain
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Fig. 16. An example of von Mises stress output in a braced frame with and without dampers with internal and external damper mem-


http://dx.doi.org/10.22034/23.5.5
https://mcej.modares.ac.ir/article-16-66462-en.html
http://dx.doi.org/10.22034/23.5.5
https://mcej.modares.ac.ir/article-16-66462-fa.html

[ Downloaded from mcej.modares.ac.ir on 20258-02-18 |

[ DOI: 10.22034/23.5.5]

e s S L s bl Sasl Sl K el il Slalllas

(5,15 aalsloslizal 5550 b Sl o 5 Slaseinn N J g

Plip  Plip ﬂ Ac-max At_max Pcr I\ \Y Ls
Number Model kn) (kn) P m)  m) (k) (kn)  (kn) (cm)

1 Fofd-A-14-12-6 264 384 145 958 011 240 50 2276 10
2 Fofd-A-14-12-12 528 768 145 836 806 155 Ol 2947 20
3 Fofd-A-14-12-18 792 1152 145 722 701 120 142 4244 30
4 Fofd-A-14-12-24 1056 1536 145 714 897 94 176 4876 30
5 Fofd-A-14-16-6 480 698 145  8.84 838 228 50 2687 10
6 Fofd-A-14-16-12 960 1397 145 864 924 133 91 4032 20
7 Fofd-A-14-16-18 1441 2096 145  7.32 713 113 142 4858 30
8 Fofd-A-14-16-24 1921 2795 145 728 871 87 176 5745 30
9 Fofd-A-14-20-6 749 10900 145 866 835 215 50 3742 10
10 Fofd-A-14-2012 1499 2181 145 847 714 129 91 5295 20
11 Fofd-A-1420-18 2249 3271 145  7.98 779 106 142 6412 30
12 Fofd-A-14-2024 2999 4362 145 752 728 75 176 7945 30
13 Fofd-A-14-22-6 929 1351 145 835 808 189 50 4036 10
14 Fofd-A-14-22-12 1858 2703 145 793 773 111 91 6012 20
15 Fofd-A-14-22-18 2787 4055 145 738 702 92 142 7767 30
16 Fofd-A-14-22-24 3717 5406 145 748 794 55 176 1019 30
17 Fofd-A-17-12-6 264 384 145 066 933 411 50 2137 10
18 Fofd-A-17-12-12 528 768 145 844 802 378 91 2886 20
19 Fofd-A-17-12-18 792 1152 145 736 795 312 142 4168 30
20 Fofd-A-17-12-24 1056 1536 145 7.9 736 176 176 4741 30
21 Fofd-A-17-16-6 480 698 145 891 737 372 50 2612 10
2 Fofd-A-17-16-12 960 1397 145 872 812 310 91 3878 20
23 Fofd-A17-16-18 1441 2096 145 851 722 223 142 4693 30
24 Fofd-A-17-16-24 1921 2795 145 7082 704 103 176 4602 30
25 Fofd-A-17-206 749 1000 145 873 805 311 50 3624 10
26 Fofd-A-17-20-12 1499 2181 145 855 785 261 91 5024 20
27 Fofd-A-17-2018 2249 3271 145 804 722 201 142 6223 30
28 Fofd-A-17-20-24 2999 4362 145 763 788 88 176 7736 30
29 Fofd-A-17-22-6 929 1351 145 843 802 238 50 3877 10
30 Fofd-A-17-22-12 1858 2703 145 798 736 183 91 5753 20
31 Fofd-A17-22-18 2787 4055 145 752 712 11 142 7527 30
32 Fofd-A-17-22-24 3717 5406 145 738 708 63 176 9712 30
33 Fofd-A-20-12-6 264 384 145 963 925 583 50 2057 10
34 Fofd-A-20-12-12 528 768 145 846 810 465 91 2734 20
35 Fofd-A-20-12-18 792 1152 145 732 702 321 142 3946 30
36 Fofd-A-20-12-24 1056 1536 145 753 808 205 176 4527 30
37 Fofd-A-20-16-6 480 698 145 888 814 528 50 2503 10
38 Fofd-A-20-16-12 960 1397 145 877 822 476 91 3614 20
39 Fofd-A-20-16-18 1441 2096 145 850 808 328 142 4415 30
40 Fofd-A20-16:24 1921 2795 145  7.98 718 213 176 5457 30
1 Fofd-A-20-20-6 749 10900 145 867 825 483 50 3428 10
2 Fofd-A-20-20-12 1499 2181 145 843 802 385 91 4789 20
13 Fcfd-A2020-18 2249 3271 145 81 775 223 142 5978 30
44 Fofd-A-20-20-24 2999 4362 145 772 733 119 176 7506 30
15 Fofd-A-20-22-6 929 1351 145 836  7.89 415 50 3631 10
16 Fofd-A-20-22-12 1858 2703 145 803 768 285 91 5508 20
47 Fofd-A-20-22-18 2787 4055 145 761 706 144 142 7327 30
18 Fofd-A202224 3717 5406 145 724 701 112 176 9478 30
49 Fofd-A-215-12-6 264 384 145 944 899 648 50 1932 10
50 Fofd-A-215-12-12 528 768 145 839 808 588 91 2618 20
51 Fofd-A-215-12-18 792 1152 145 743 705 432 142 3787 30
52 Fofd-A-215-12-24 1056 1536 145 752 811 311 176 4406 30
53 Fofd-A-215-16-6 480 698 145 8.5 824 608 50 2422 10
54 Fofd-A-215-16-12 960 1397 145 855 813 538 91 3532 20
55 Fofd-A-215-16-18 1441 2096 145 820 795 422 142 4308 30
56 Fofd-A-215-1624 1921 2795 145 783 833 313 176 5336 30
57 Fofd-A-215-20-6 749 1090 145 850 821 577 50 3376 10
58 Fofd-A-215-20-12 1499 2181 145 839 802 431 91 4612 20
59 Fofd-A-21520-18 2249 3271 145 805 754 329 142 5938 30
60 Fofd-A-2152024 2999 4362 145 768 713 206 176 7341 30
61 fofd-A215-22-6 929 1351 145 832 788 544 50 3513 10
62 fefd-A-21.522-12 1858 2703 145 81 756 475 91 5328 20
63 fefd-A21.522-18 2787 4055 145 745 705 341 142 7178 30
64 Fofd-A-2152224 3717 5406 145 712 786 199 176 9246 30
65 Fofd-A-26-12-6 264 384 145 948 014 877 50 1876 10
66 Fofd-A-26-12-12 528 768 145 845 798 796 91 2532 20
67 Fofd-A-26-12-18 792 1152 145 751 710 613 142 3587 30
68 Fofd-A-26-12-24 1056 1536 145 748 717 443 176 4228 30
69 Fofd-A-26-16-6 480 698 145 872 822 806 50 2311 10
70 Fofd-A-26-16-12 960 1397 145 848 809 715 91 3413 20

Y
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71 Fcfd-A-26-16-18 1441 2096  1.45 8.12 7.76 583 142 4222 30
72 Fcfd-A-26-16-24 1921 2795 145 7.63 7.37 367 176 5189 30
73 Fcfd-A-26-20-6 749 1090 145 8.49 8.15 733 50 3245 10
74 Fcfd-A-26-20-12 1499 2181 145 8.26 7.89 679 91 4517 20
75 Fcfd-A-26-20-18 2249 3271 145 8.12 7.68 519 142 5778 30
76 Fcfd-A-26-20-24 2999 4362 145 7.52 7.95 316 176 7145 30
77 Fcfd-A-26-22-6 929 1351 145 8.29 7.79 689 50 3328 10
78 Fcfd-A-26-22-12 1858 2703  1.45 7.98 7.33 492 91 5147 20
79 Fcfd-A-26-22-18 2787 4055  1.45 7.32 6.95 321 142 6989 30
80 Fcfd-A-26-22-24 3717 5406 145 7.05 7.44 188 176 9145 30

Table 6. Specifications and models of dampers used
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Fig. 17. Slip force changes in analytical models
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Fig. 18. Maximum hysteresis curve of analyzed models
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Abstract

Nowadays, according to the performance of prefabricated friction dampers, which are expanding rapidly, they can
increase the resistance of structural systems against earthquakes and depreciate the energies created by earthquakes in
the structure. To control the vibrations of the structure at one level, it is very important to use passive control systems.
But in the design at different levels, they cannot depreciate the incoming energy from the earthquake. Friction damp-
ers focus on displacement variable and are mostly used in steel structures.The friction damper works according to the
rules of a Coulomb damper or a friction brake that converts kinetic energy into heat through friction.

In this article, a new type of friction damper called a flat cylindrical friction damper has been designed using brake
pads in the diagonal brace, and the performance and seismic resistance of this system as well as the amount of energy
loss have been investigated. The configuration of the damper is designed in such a way that grooved bolt connections
and twin steel cables of different sizes and thicknesses are used. And the way the internal and external components are
placed in the damper is such that innovation in tension and pressure has been created. Also, the movement of the cy-
lindrical element in the damper has increased the amount of friction due to the presence of two types of brake pads
with friction coefficients of 0.11 and 0.16 and bolt connections. It shows the performance of the damper by different
sliding force at different friction levels. Geometric dimensions, thickness of brake pad, number of bolts, size of bolts,
diameter of cables, sliding force, location of damper are among the variables investigated in this article. The role of
brake pads, steel cables and bolt connections is very important and economically very affordable. The seismic perfor-
mance of the intended frame has been investigated by 80 different modeling of the damper and the placement of the
research variables. The desired optimal models were modeled in Abaqus software and analyzed and designed. The aim
of this system is to reduce the relative horizontal displacement of floors and increase the amount of energy absorption.
The increase in the axial force created in multiple loading cycles has always caused damage to the damper compo-
nents and frames. In this article, it has been tried to use a special multi-level geometry that, in addition to reducing the
axial force created in the damper, reduces the relative displacement of the frame, damages in the elements and in-
creases the ductility. The results show that the friction surfaces of steel plates and brake pads is very high due to the
displacement and damping of the cables And with the consumption of energy and its absorption by the damper in cy-
clic loads, displacement control is easily done. It also shows the seismic response of structures in terms of frame and
damper displacement, base shear forces, energy absorption. Numerical study confirms the intended damper as an in-
dependent seismic resistant member in critical building structures when high seismic performance or seismic resili-
ence in moderate and strong earthquakes is desirable.

Keyword: Flat cylindrical friction damper, Brake pad, Steel cable, Bolt connections, Diagonal brace frame, Cyclic
loading.
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