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p(Kg/ m3) 7850
E(GPa) 196.133
v 0.30
f (MPa) 393 ~ 479
Plastic Strain 0.015

Table 2. Material and mechanical properties for Steel
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Label Static Dynamic
E (GPa) 27 27*1.15
p(Kg/ m?) 2400 2400
v 0.20 0.14
f. (MPa) 3.9 3.9%1.5
f. (MPa) 13~15 13~15
Dilation Angle 38 38
Eccentricity 0.1 0.1
Fb0/fc0 1.12 1.12
K 0.666 0.666
priscosity 0.0001 0.0001

Table 1. Material and mechanical properties for concrete
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Stiffness X

Story KN/cm Stiffness Y KN/cm

Roof 312.99 0
Story 4 570.28 0
Story 3 785.25 0
Story 2 1050.59 0
Story 1 1923.57 0

Roof 0 309.49
Story 4 0 552.7
Story 3 0 756.47
Story 2 0 998.16
Story 1 0 1820.1

Table .4. Stiffness of structure
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Earthquake Country station Year
Imperial Valley USA El Centro 1940
Imperial Valley USA Brawley Airport 1979

Northridge USA Beverly Hills 1994

San Fernando USA Hollywood Stor 1971
Tabas IRAN Boshrooyeh 1978
Duzce Turkey Bolu 1999
Duzce Turkey Lamont 1999
KOBE Japan Amagasaki 1995
KOBE Japan Kakogawa 1995

Landers USA Desert Hot Springs 1992
Landers USA Yermo Fire Station 1992

Table .3. Specification of earthquake records used for analysis
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KO0.75(story) K' W K(total)
kN/mm kN-s2/mm Rad/s kN/mm
23.42355 1.64 7.3 87.13554
41.31029 3.07 7.3 163.6199
53.13606 4.16 7.3 221.5322
65.14879 4.89 7.3 260.4736
117.6212 5.26 7.3 280.1179

Table 8. Structural stiffness is the second step and
stiffness is equivalent total

odd dpules Ajlgs mhads la 5 o (4) sl 2
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Mass X Mass X XCM YCM

Story KNs*2/cm  KNs*2/cm cm cm
Roof 3.27 3.27 1084.6 734.7
Story 4 3.588 3.588 1095.4 748.3
Story 3 3.622 3.622 1098.7 752.5
Story 2 3.653 3.653 1098.5 752.4

Story 1 3.686 3.686 1098 752

Table 5. The mass and center of mass of the structure

classes

ok aule (V) dodr 5o Ok dolae Gl ew

]

RS
J}‘ rg AJL.n 6‘;: Jalas ﬁm}d)u-.b vj.‘;- A J}J\’
Sl e 8 dgr story  Mass(KN) q m*q > A-q  K'(KN)
K (total) K075(st0ry) K4 damper angle K1 dampe 5 3.270 1.0 0.33 0.33 02 1.64
kN, kN, kN / Cos(B kN
/mm /mm mm  Cosf) kN /mm 4 3589 08 029 061 02 3.07
87.13 23.42 63.71 0.815 19.54
163.62 4131 12231 0815 3751 3 3.6224 06 022 083 02 416
221.53 53.14 168.39 0.815 51.64 2 3.6537 04 0.15 0.98 02 489
260.47 65.15 195.33 0.815 59.90 1 3863 02 007 105 02 326
280.12 117.62 162.49 0.815 49.83 " ;
: Table . 6. Floor mass and equivalent Stiffness for the
Table 9. Stiffness dampers
first step structure
LT e cowl Vol ;5 0 el S 5 L
K:ATE R A:% (5) )‘OJLE.:.«N‘L’r})ftsé‘)l.«-dL;:}L«-&ju’“d)ﬂﬁ)‘d‘ﬂ.l)‘)uﬁ
f :% 5 P — fA (6) o.,\,a‘ (V) J)J}- L 45 &:».w\ ol ML>=A ETABS )\f‘(’f
fKL 0.8fc+KL el
P=" = Paup=—7p— @

Gos ASEs 4 Sl B3R gs 8 B8 ks L

Sl G G 5 Lles ghats mhan (V0) Jsur 5o
W‘GJ.JMW

Sloe B S558 5 plabe mhaw N0 Jgdr

Br00rCoS
(1)2 — Zroof ~07a Co=14 (3)

dmax,roo f

ole s Y J g

A(ecm?) KL/r  Fe Fc Pc Pslip(KN)
5.50 100 0.193 0.170 83.932 67.146
10.56 100 0.193 0.170 161.127 128.902
14.53 100 01.93 0.170 221.840  177.472
16.86 100 0.193 0.170 257315  205.852
14.02 100 0.193 0.170 214.068  171.255

Table .10. Area section and slip force of the damper

Story Stiffness X KN/cm Stiffness Y KN/cm

Roof 23.98 0
Story 4 41.23 0
Story 3 54.3 0
Story 2 66.27 0
Story 1 119.33 0

Roof 0 23.43
Story 4 0 41.32
Story 3 0 53.13
Story 2 0 65.18
Story 1 0 117.77

Table 7. Stiffness of structure
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SANFERNANDO 1971
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Fig .3. Displacement of Roof mass diagram in

longitudinal direction under earthquake SANFERNANDO
1971
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Fig .4. Displacement of Roof mass diagram in transverse
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Fig .5. Displacement of Roof mass diagram in
longitudinal direction under earthquake IMPERIAL
VALLEY 1940 - EL centro
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Fig .6. Displacement of Roof mass diagram in

longitudinal direction under earthquake IMPERIAL
VALLEY Brawley Airport
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Fig. 2. Displacement of Roof mass diagram in transverse
direction under earthquake SANFERNANDO 1971
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Fig .11. Displacement of Roof mass diagram in
longitudinal direction under earthquake Tabas
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Fig .13. Displacement of Roof mass diagram in
longitudinal direction under earthquake Duzce Turkey Bolu
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Fig .14. Displacement of Roof mass diagram in

transverse direction under earthquake Duzce Turkey
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Fig .7. Displacement of Roof mass diagram in

longitudinal direction under earthquake IMPERIAL
VALLEY Brawley Airport

NORTHRIDGE 1994

24
—— Withot Damper

z 16
Q
b=1 With Damper
2 0 "
g
—% -8
A -16

24

0 40 T(S) 80 120

Fig .8. Displacement of Roof mass diagram in transverse
direction under earthquake NORTHRIDGE 1994
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Fig .10. Displacement of Roof mass diagram in
transverse direction under earthquake Tabas
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Fig .21. Displacement of Roof mass diagram in
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Fig .42. Base Shear diagram in transverse direction
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Fig .43. Base Shear diagram in longitudinal direction
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Fig .44. Base Shear diagram in transverse direction
under earthquake Landers Desert Hot Springs

Landers Desert 35 o Jsb Cgr 55wl o Jlasei 80 S

Hot Springs
4000

,2 —— Withot Damper
4 2000 —— With Damper
b
8 o
w2
[}
Z -2000
Mm

-4000

0 40 T(S) 80 120

Fig .45. Base Shear diagram in longitudinal direction
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Fig .38. Base Shear diagram in transverse direction
under earthquake Kobe Japan Amagasaki

Kobe Japan o3}; oo Jsb cgr 3 4l 3 s el ¥4 IS

Amagasaki

4000
— —— Withot Damper
& 2000
et With Damper
S
< 0
wn
2
& -2000

-4000

0 40 T(S) 80 120

Fig .39. Base Shear diagram in longitudinal direction
under earthquake Kobe Japan Amagasaki
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Fig .40. Base Shear diagram in transverse direction
under earthquake Kobe Japan Kakogawa
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o Jlasl 315 5 ol Slasiie A Jyds

Earthquake effect applied CFT frame type

NORTHRIDGE1994 With braces and dampers
SANFERNANDO1971 With braces and dampers
IMPERIALVALLEY1979  With braces and dampers
NORTHRIDGE1994 No braces and damper
SANFERNANDO1971 No braces and damper
IMPERIALVALLEY 1979 No braces and damper
Loading protocol ATC 40  With braces and no damper

Table .11. Frame specifications and earthquake effect
applied
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Abstract

Rotational friction dampers are a specific type of friction dampers which have several advantages. Dampers
are used to improve the cyclic behavior of structures against forces caused by wind and earthquake. These
types of dampers will cause energy dissipation by its rotating and rerotating. However, complete and
comprehensive researches have not been performed on the effect of rotational friction dampers and their effect
on the bearing capacity of steel frames. In this research, the behavior of concrete-filled steel tube (CFT) in
two cases frame braced with rotational friction dampers and frame braced without rotational friction dampers
is investigated. For verification, the results obtained from finite element method software, ABAQUS, were
compared with that of experimental studies for test samples used in a building with a height of 300m in Osaka,
Japan. The hysteresis curves of the modeled samples are in good agreement with the experimental results.

In order to investigate the performance of steel composite frame (with CFTs) braced with rotational friction
dampers towards to steel composite frame (with CFTs) braced without rotational friction dampers under the
effect of three earthquake Far-field records, the structure was modeled, designed and analyzed in ETABS
software. The use of bracing with rotational friction dampers has caused a decrease in the displacement of the
roof’s center of mass for each record mentioned above which modeled in ETABS software. It decreased by 13
to 49 % for 9 records and increased by 2 to 17 % for 2 records. The use of bracing along with rotational friction
damper modeled in ABAQUS software under the effect of each record has caused a decrease in base shear.
The extent of these reductions was different for each record mentioned above. In each record modeled in
ETABS software, the base shear of the structure has not reduced similarly; however, in some cases, the base
shear has increased. It had a decrease of 11 to 37% for 7 records and an increase of 3 to 26% for 4 records.

Then a Single-storey frame with single-span With the same materials and specifications introduced in
ETABS software in ABAQUS software Has been modeled. For lateral loading of columns, the lateral loading
protocol based on ATC-24 and the instructions for using dampers in the design and reinforcement of buildings
have been used.

According to Regulation No. 766 of the Program and Budget Organization, the loading cycles introduced
in ETABS software with a frequency of 1.15T have been used in the ABAQUS Limited Components Software
to move. The use of rotary braces and crankshafts in the ABAQUS limited component software under the
influence of each of the discussed records has reduced the displacement of the structure relative to the structure
without braces and without rotational friction dampers of the structure mentioned above was exerted under the
record effect of the same earthquake in ABAQUS software The use of bracing along with rotational friction
damper modeled in ABAQUS software under the effect of each record has caused a decrease in base shear.
The amount of energy reduction for records understudy was not equal and varied from 8% to 34.7%. The
hysteresis curves of base shear of braced structures with and without dampers are well presented.

Keywords : Composite steel bending frames, Energy damping, Stiffness, Circular damping, Hysteresis curve



