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Fig. 1. Location of the intended site in Tehran
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Fig. 2. Seismic hazard spectra for the intended site , soil type 2, () 75-year
retum period, (b) 475-year retum period, (C) 9475-year retum period, (d)
2475-year retum period
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Table. 3. Properties of designed dampers in SDOF structures
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Displacement level

Average of maximum displacement for

. R corresponding to performance Nonlinear time history analyses results
n Y criteria (mm) Retum period (year)
Sy 2owp 3Bamp 75 475 975 2475
2 587 1147 1761 363 956 123 18.79
03 4 294 5.88 8.82 1.66 355 477 122
6 199 397 597 123 2.76 418 6.62
2 1631 3262 4893 1057 2407 30.32 4385
05 4 856 1712 25.68 6.53 1571 2193 3319
6 54 10.88 16.32 365 782 10.35 1582
2 3289 6578 98.67 2718 6156 7314 97.49
1 4 2093 4186 62.79 1692 3933 49.29 7139
6 1495 299 4485 1003 2373 333 4964
2 6925 1385 20775 6807 13404 1711 22021
2 4 4240 848 1272 3802 8231 10732 15536
6 3298 659 98.94 2589 6713 86.80 13456

Table. 4. Control of proposed performance criteria for single degree of freedom structures
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Frame Number Storey Bays Bays width
ofstorey  height(m)  number (m)
1 3 320 3 5
2 6 320 3 5
3 9 320 3 5

Table. 5. Properties of three assumed frames
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Fig. 16. Structural model for calculation of damper yield force in the top
floor
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Fig. 17. Structural model determination of damper yield displacement in
other floors

A osleme 8l (la Sl s 5 el bl 515 el A
b

cv.:_m)ljé&jflﬁm@mj\jﬁ)gdﬁsdéhs)smk\ﬁalff

10

..AL;}BLgLan\J:n)'\&:SJSywdugbdlﬂf\}uﬁ})dw_’}

el 3l Jlasl (gl il b g SIS sl flfut:mz.»
)\Jjﬁhﬁfugjotﬁéudk}u ‘U.:’J) J‘)Jﬂ\g&lﬁ-j)‘
))f)l.@;; &“}_}YA" ))‘u\atw‘ UALN‘JJL;"’[})L' C,,_)j: 6}<j‘ c})b

GOV PSS WA QLI.; (TY’ 9 YY) Lu.bj

w;h¥

Fui = Z;'l=1 Wih;c u (TT)
1 T<05 (YY)
k=405T+0.75 05<T <25
2 25<T

=2 G258 R oy b Y

L ] duo)l_w {13] t>j= VA=Y-Y-) J:*-""’ U"L"”‘ 2
&J—J 'NO J.;Ll_} uﬂL_.ud\j_J w‘f}ybv\l‘}_& 6)5- (5)1'5;‘_)‘:‘
Lpd b s bl b il ol s 5o 4l

V', =aV, (Y¢)

)\Mﬁd‘ﬁdug‘f&jd}ﬁﬁu%ﬂj‘m
IS i Sl sl OB b (s Slin e sl 5
] a.,l.id\;éﬁjlé}).} *NO 9o
o)'l.w B J)‘} 6@.&3)' 503,0 )L{ )‘J\EA MB:A -y

Kgf
mZ

Kof bJJ_A)l_.!)‘J\_EA}\O'

m? on_.!)' )l_.! )‘J\-&A J“A}}.’. Lﬁ-‘ ).)
ot 00 5 s S sl o ads 5 300
Sl 0
Bl A o g8 Mis ol p B el (At

J_.so)'l_w 4_23}\ f\}‘w@'&hgwj 6}J:J)‘J\.EA)‘ o.)U.'Ime
e e 3 s Come Lal 5o SIS L 5 YA (el
35 Gla3 £l sy slad ol & by S o s
w‘ ol 45‘)‘ [22] a)L;..il f-f )J J"’AJ}. gﬂ.‘ )J obu.:.\.u‘
““Lbf(":k“;d”‘ a5 B (G4l -0
ol L)L?.:S\ L;:lj LT 45‘_5»:@;& b 61:;-]:9 Jislwl L}:bd
3l SO dlasl L gt s 5 55 o o3zl ¢ ol Ade O
O Jslme 03,8 o 53 5 058 Sl jon s 5 233550 (s8ib0
23 g daslomn bl @ glralr 55 e s
aib VL s Sl lasiie Ol 1

daly b i T S s (558 55 00) Ko aar 5L

ZJ}.\ZJ QL:; (Yo)



\Yavdla/ o e)w/r.th;AAJjé

oote Ol jes wdige g — ode doe

A b 25le ol 55 S o6 bt 2 ASAP2000 o 5
3 slaosle s o b Sl G (sladilas b S e azes rl,\i
6 Lt g5 a3l S ol glrals 515 55 s See (gabadl VO Lo
}w\rjabyw‘@ﬂoM‘Juz\/o)&dmﬁ.wl
el V‘“J”:' thf‘ﬁn )‘ £las e Jle Yevo 9 Jl ave )lj S
@Wtupjoctw)‘vgjﬁn)tbhéhﬂbbg;.‘ule.,l.;&\)\(/\
J,:S\J\P- [17] &I TADAS a.,\:v)& 6)5 nglﬁ Jf\]f Lgl.aé)j le:J}

[7] el ol

@Mu\éa.\.}f‘}kéh;‘ﬁﬁd)w-\ d‘g.\?

Properties of TADAS dampers
i bay h b t N Brace
(mm)  (mm)  (mm)
1 Left 260 100 32 11 200x200x8
Right 345 100 35 14 200x200%6.3
) Left 300 100 25 17 140x140x6.3
Right 345 100 20 38 140x140x5
3 Left 300 100 25 11 80x80x6.3
Right 345 100 20 22 80x80x5
Table. 6. Properties of designed dampers, 3-storey frame
@&Ju@«aﬂf‘}é@ﬁ.ﬂ@%‘/d}b
Properties of TADAS
dampers
i bay Brace
h b t N
(mm) (mm) (mm)
1 Left 210 100 35 14 140x140x8
Right 230 100 35 18 140x140x8
5 Left 255 100 35 16  100x100x17.5
Right 275 100 35 19 100x100x17.5
3 Left 265 100 35 15 90x90x17.5
Right 285 100 35 19  90x90x17.5
4 Left 285 100 35 13 80x80x125
Right 300 100 30 24 80x80x125
5 Left 295 100 35 10 70x70x10
Right 300 100 30 17 70x70x10
6 Left 300 100 35 5 60x60x7.1
Right 300 100 30 9 60x60x7.1

Table. 7. Properties of designed dampers, 6-storey frame
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Fig. 18. Capacity curvature for multi degree of freedom structures and the position of the performance points, () 3-storey frame 75-year retum period, (b)
3-storey frame 475-year retum period, (c) 3-storey frame 975-year retum period, (d) 3-storey frame 2475-year retum period, (€) 6-storey frame 75-year
retum period, (f) 6-storey frame 475-year retum period, (g) 6-storey frame 975-year retum period, (h) 6-storey frame 2475-year retum period, (i) 9-storey
frame 75-year retum period, (j) 9-storey frame 475-year retum period, (k) 9-storey frame 975-year retum period, (I) 9-storey frame 2475-year retum period
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e e . Ca Properties of TADAS dampers
el Las 5 &)em gla b J S (gl 5 5w ol 02 i by h b T N Brace
I, d b 2 e . e . (mm)  (mm) (mm)
s e Olas o S e 6 e L _Lef 210 100 35 18 2200203
Lac 280l 035 b o o aslized (Y) Jpdr 3 59 50 Rigt 225 100 35 21  220x220x35
' , Left 210 100 B 12 180x1800
et ol a5 il VOT B oY (gasly ol ol ol Right 265 100 35 24 18080x30
] o Left 210 100 3 10 160x160x28
Sy aalllas 3 g0 oKt gy ) o glacab b O (ganslis Right 285 100 35 25  160x160x28
. . - , Left 210 100 3 9 160x16025
il ploralr e S5 4 (0 BN Gla S8 ol a8 § Right 300 100 35 25 160x160x%5
L o g Left 255 100 3B 13 140x140x222
a5 cda Sl lS a el Slis badb & 5 hd an Ol Right 300 100 35 23 140x140%222
. e , .. Left 265 100 35 12 140x140x175
VO ot e 3 ol ol il e 5 S0 (el ke © “Right 315 100 30 29 140x140x175
e Left 285 100 35 11 120x120x142
s L Jl YEVO 5 Jlave (Jlw £Vo (Jle
S ol d 2J J J " “Rigt 315 100 30 23 120x120x142
g Left 205 100 3 9  100x100x125
Right 295 100 25 23 100x100x125
g Lt 30 100 30 8 90008
Right’ 300 100 35 5  90x90x8

Table. 8. Properties of designed dampers, 9-storey frame
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Average displacement level of
nonlinear time history analysis (m)

Displacement level of
nonlinear static analysis

corresponding to dampers .
yielding (m) Return period (year)
Left bay Right bay 75 475 975 2475
0.028 0.037 0016 0032 0038 0049

Table. 5. Control of performance displacement levels for 3- storey
frame

aib ia Ml o3 Shas glralr sladls IS A Jgd

Average displacement level of
nonlinear time history analysis (m)

Displacement level of
nonlinear static analysis

corresponding to dampers .
yielding (m) Return period (year)
Left bay Right bay 75 475 975 2475
0.029 0.054 0022 0040 0057  0.060

Table. 6. Control of performance displacement levels for 6- storey
frame

aib & B ol 3 Shos gloralr a5 J5S VY Jgder

Average displacement level of
nonlinear time history analysis (m)

Displacement level of
nonlinear static analysis

corresponding to dampers ]
yielding (m) Return period (year)
Left bay Right bay 75 475 975 2475
0.045 0.078 0031 0065 0082 010
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Fig. 18. Nonlinear time history analyses results in comparison with
nonlinear static analyses results, 3-storey frame with damper
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Fig. 19. Nonlinear time history analyses results in comparison with
nonlinear static analyses results, 6-storey frame with damper
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Fig. 20. Nonlinear time history analyses results in comparison with nonlinear static
analyses results, 9-storey frame with damper
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Abstract:

One of the effective ways to mitigate earthquake damage in structures is passive control of structures. Yielding metallic
dampers are economic passive control devices, which are easy to fabricate and install on the structure.

In this paper, the aim is to develop a design procedure for steel structures equipped with a combination of yielding metallic
dampers so that, dampers will experience specific nonlinear behavior when subjected to various seismic hazard levels. For
this purpose, the first step is to have the seismic hazard spectra with different retumn periods for the intended site of
construction. In this research, this step has been taken by using the Tehran probabilistic analysis hazard project data and then
plotting uniform hazard spectra with 75-year, 475-year, 975-year and 2475-year return periods.

In the next step, behaviors of structures equipped with yielding metallic dampers have been investigated in the form of one-
storey one-span, one-storey two-span and multi storey multi span frames. Required equations for behavior of these structures
under monotonic loading is developed to begin the design process, the performance criteria for the structure and the damper is
proposed. By using the derived equations, design of one storey, one span frame, as single degree of freedom structures based
on performance criteria has been carried out. These single degree of freedom structures have different periods and strength
reduction factors. After designing the single degree of freedom structures, nonlinear static analysis results have been
compared with result of nonlinear time history analysis. For this purpose, 7 earthquake records have been chosen and scaled
based on Iranian code of practice for seismic resistant design of buildings and used for dynamic analysis. Results have shown
that all performance criteria of 75-year and 475-year hazard levels have been satisfied but for 975-year and 2475-year hazard
levels, six cases have satisfied the desired critera with 12 percent error.

Performance criteria for dampers used in multi degree freedom structures have also been proposed and a method for
designing these systems based on the concept of uniform drift in all stories have been presented. Three, 3-storey, 6-storey and
9-storey buildings equipped with dampers have been designed based on proposed method. Time history analysis have been
carried out for each return period to check if the desired performance have been achieved. For these analyises, 7 earthquake
records were chosen and scaled based on Iranian code of practice for seismic resistant design of buildings. Comparison of
performance point displacement levels and the displacements obtained from 28 nonlinear analyses, has shown up to 13
percent error. Meanwhile, the displacement levels of each set of dampers for 75-year, 475-year, 975-year and 2475-year
return periods, confirmed efficiency of proposed design method and all dampers met the mentioned performance criteria. The
results also showed that when hazard level increased, the difference between the results of nonlinear time history analyses and
static nanlinear analyses have also increased.

Keywords: Performance Based Design, Uniform Hazard Spectrum, Yielding Metallic Damper, Nonlinear Static Analysis,
Nonlinear Time-history Analysis
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