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Partitions  Snow Live Dead Position
load load load load
150 150 505 Roof
100 200 505  Middle bays
500 530 Side bays

Table. 1. The gravity loads (Kgf/m?)
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Other section Beams Links Sample
name
ST37 ST37 ST37 CS5
ST37 ST37 304L SS5
ST37 ST52 304L HSS5

Table. 2. Properties of the studied samples
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Level EBF Other bays
Columns
HSS5
Other Box 25*1.5 Box 25*1.5
1 Box 25*1.5 Box 25*1.5
CS5,SS5
All Box 25*1.5 Box 25*1.5
Beams
CS5
All IPE 240 IPE 240
SS5
Other IPE 220 IPE 240
1 IPE 220 IPE 220
HSS5
land 2 IPE 240 IPE 240
3and 4 IPE 240 IPE 220
5 IPE 220 IPE 180
Braces

CS5,SS5,HSS5
All 2UNP180
Table. 3.The dimention of the frames
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Fig. 1. The position of frames in the plan and the
schematic view of brace arrangement
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Fram Diference ETABS Opensees
SS5 0.002 0.469 0.467
CS5 0.004 0.446 0.442

HSS5 0.002 0.469 0.967

Table. 4. Period of frames
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) 5 oS 4..‘53\()55&;_;5&3}{5&.5)?;);L;jjjl&_’s%\ol}:aw)ﬂ
Laej ) Slasein 0 J i
Epicentral
ID Name Date M EPA(g) PGA(g) Distance Station
(km)
12 Chalfant Vallev3 7/20/1986  5.77 0.2451 0.2382 10.54 CDMG 54428 Zack Brothers Ranch
Yo 7/21/1986  6.19 0.4854 0.4246 14.33 CDMG 54428 Zack Brothers Ranch
2/22/1983 4.89 0.0993 0.1539 9.27 CDMG 4661(70?:2:23?-14th & Elm
14 Coalinga .
5.21 9.57 CDMG 46617 Coalinga-14th & Elm
7/25/1983 0.3513 0.5813 (Old CHP)
20 Mammoth 5/27/1980  4.73 0.1722 0.2178 10.33 USC 37 USC McGee Creek Inn
5/31/1980  4.80 0.2767 0.3689 10.6 USC 37 USC McGee Creek Inn
5/25/1980 5.91 02726 0.3289 1151 CDMG 54214 to;gl}t/)alley Dam (Upr
21 Mammoth5
5/27/1980 5.94 04287 0.6293 14.04 CDMG 54214 to;gl}t/)alley Dam (Upr
5/26/1980 5.70 01117 0.0926 16.09 CDMG 54214 toggl}t/)alley Dam (Upr
22 Mammoth6
5/27/1980 5.94 0.4287 0.6293 14.04 CDMG 54214 toREL}Salley Dam (Upr
2/20/1986 5.77 0.088 0.1105 24.47 CDMG 5417510lli|hshsc:p - LADWP
35  Chalfant Valley9 .
2/21/1986 6.19 0.2197 0.2058 20.27 CDMG 54171 Bishop - LADWP
South St
1/24/1980 5.80 0.086 0.1066 17.13 CDMG 57187 iagdgsmon - Eastman
44 Livermore
1/27/1980 5.42 02119 0.1917 16.57 CDMG 57187 ?(aéldl;i\mon - Eastman
45 Mammothl 5/25/1980  6.06 0.2387 0.2818 10.91 CDMG 54301 Mammoth Lakes H. S.
ammo 5/25/1980 569 04091  0.4143 13.49 CDMG 54301 Mammoth Lakes H. S.
46 Mammoth2 5/25/1980  6.06 0.3443 0.4193 10.43 CDMG 54099 Convict Creek
5/25/1980  5.69 0.1563 0.1669 18.60 CDMG 54099 Convict Creek
Mammoth7 5/25/1980  5.69 0.1563 0.1669 18.60 CDMG 54099 Convict Creek
51 5/25/1980  5.70 0.2618 0.4156 12.75 CDMG 54099 Convict Creek
53 Mammotho 5/25/1980  5.69 0.1563 0.1669 18.60 CDMG 54099 Convict Creek
5/27/1980 5.94 0.2207 0.3169 12.03 CDMG 54099 Convict Creek
54 Mammoth10 5/25/1980  5.91 0.2041 0.2172 15.90 CDMG 54099 Convict Creek
5/25/1980  5.70 0.2618 0.4156 12.75 CDMG 54099 Convict Creek
56 Mammoth12 5/25/1980  5.91 0.2041 0.2172 15.90 CDMG 54099 Convict Creek
5/27/1980 5.94 0.2207 0.3169 12.03 CDMG 54099 Convict Creek
5/25/1980 6.06 02635 0.3403 10.91 CDMG 54214 toxgl}{)alley Dam (Upr
61 Mammoth17
5/25/1980 5.91 02726 0.3289 11.51 CDMG 54214 to;gl}:)alley Dam (Upr
5/25/1980 6.06 02635 0.3403 10.91 CDMG 54214 to;gl}t/)alley Dam (Upr
64 Mammoth20
5/27/1980 5.94 04287 06293 14.04 CDMG 54214 to;gl}:)alley Dam (Upr
5/25/1980 5.69 00884 01369 20.07 CDMG 54214 to;gl}:)alley Dam (Upr
65 Mammoth21
5/25/1980 5.91 02726 0.3289 1151 CDMG 54214 to;gl}t/)alley Dam (Upr

Table. 5. Characteristics of earthquakes
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Record 1D CS5 SS5 HSS5 Input Energy (N.m)
12 47768.92 41930.17 52014.42 2.85E+13
14 3186.549 2967.276 3067.94 1.36E+12
20 6340.805 5958.735 5604.652 7.85E+11
21 75890.61 66928.25 83490.08 4.62E+13
22 24644.46 20932.81 1441771 2.24E+13
35 4589.274 5475.535 5670.108 2.85E+13
44 11262.27 12576.16 13611.2 3.16E+13
45 25777.91 30729.17 27077.02 7.76E+13
51 15200.71 15579.88 17010.73 7.76E+13
53 15200.71 15579.88 17010.73 2.16E+13
54 34524.68 30729.17 36429.66 2.16E+13
56 34074.81 30729.58 36429.66 4.62E+13
59 3987.467 3934.54 4172.057 4.62E+13
61 102904 84672.66 108522.6 7.76E+13
64 106640.6 85708.57 111559.5 7.76E+13
65 9347.551 9913.32 10720.69 2.16E+13

Table. 6. Energy loss in links under earthquakes without aftreshocks (N.m)
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Record ID CS5 SS5 HSS5 Input Energy (N.m)
12 188868.5 41933.07 207744.1 1.5E+14
14 20722.91 19271.8 21794.56 5.49E+12
20 15366.08 14992.32 16305.76 1.79E+12
21 200975.1 176121.7 138490.4 9.75E+13
22 151776 133656.2 173623.6 7.37E+13
35 33982.89 36428.49 40155.72 1.5E+14
44 42307.98 43480.59 54055.61 4.01E+13
45 51890.37 48850.81 57909.4 9.93E+13
51 32457.82 33178.79 35947.12 9.93E+13
53 44890.94 46687.19 55723.05 4.4E+13
54 52133.73 48821.05 56118.97 7.29E+13
56 62182.85 58797.95 72674.87 6.86E+13
59 34596.59 37608.29 42466.85 9.75E+13
61 182791 142384.7 194822 1.24E+14
64 172337.8 193848.7 258571.3 1.29E+14
65 85108.39 75509.14 88967.13 6.79E+13

Table. 7. Energy loss in links under earthquakes with aftreshocks (N.m)
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Abstract:

Eccentrically braced frame (EBF) is known as a lateral force resisting system in steel structures which
dissipate the earthquake energy through the links. The importance of this issue increases when the structure
is exposed to successive earthquakes because in the seismic active zones, a large earthquake may consist of
numerous successive shocks (foreshock or aftershock) which can lead to permanent displacements and
resistance loss in these frames. In a seismic scenario, the most damage will often occur in the link beam — as
the structural fuses — and the other members will remain in the elastic region, while the link beams may fail
under successive earthquakes in most of the structures and other members such as adjacent beams, columns
and braces, will behave non-linearly. This paper evaluates the energy dissiption of links in high strength
frames with 304L series steel link beams in an area with a high seismicity risk under different critical
scenarios with/without seismic sequence phenomenon. In these links, there will be no risk of corrosion. The
highest energy dissipates in the Links of EBF frames, so by examining the energy dissiption in this member,
it is possible to judge the energy dissiption of the entire frame. In this regard, 2D eccentrically braced frames
with a variety of materials were designed based on the Iranian earthquake design code (Standard No. 2800,
4™ version — 2014), modeled in Opensees software. For this purpose, "Force Beam-Column Element" has
been selected for the implemension of beam and column elements. Brace elements are modeled using "Trust
Element". Moreover, a behavior curve is defined with the Parallel material command to introduce the end
elements of the link length. Also, the "Elastic-Perfectly Plastic Material" model has been assigned to the
material model of the Parallel material. Link elements are implemented using an element with concentrated
plasticity. To define the shear behavior of links, two zero length elements have been used, and the behavior
curve of parallel materials has been defined for them based on the study of Eskandari and Vafai in 2015.
Based on Hoveidai's proposal in 2019, the Ramberg-Osgood model has been used for the cyclic response of
stainless steel materials in Opensees software and the Steel02 model has been used for the st37 and st52
materials. In the following, seismic scenarios with and without seismic sequence are selected based on
effective peak acceleration (EPA) which has been suggesteb by Rajabi and Ghodrati Amiri in 2020. In order
to nonlinear dynamic analysis of the studied eccentrically braced frames, single and successive earthquakes
should be scaled based on the design spectrum. For this purpose, the suggested spectrums in Standard No.
2800 and proposed methodology by Abdollahzade in 2019 have been used, respectively. The results indicate
that the amount of energy dissiption through links increases between 2 and 3 times after the consecutive
earthquakes compared to the main shocks while after the seismic sequence, a lower average energy
dissiption ratio has been reported for this frame. Also among the studied frames, the high-strength frame
with stainless steel links has a higher energy loss of 10.4% compared to normal frames and 31.6% higher
than frames with stainless links under seismic sequence. Therefore, the using of this type of material can be
suggested for all or some members of normal eccentrically braced frames, especially in active zones with
high seismic risk.

Keywords: Eccentrically Braced Frame, High strength frames, Seismic sequences, 304L steel, energy loss
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