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Fig. 1. Comparison of concentrically braced frame drifts [14]
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Fig. 4. Comparison of the main period of structures
obtained from SAP2000 software and Iranian earthquake
standard NO.2800
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Fig. 6. Comparison of the average range of far and near
earthquakes of faults with the standard range of 2800 Iranian
earthquake regulations, fourth edition
a) Soil type 2 b) Soil type 4
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Year of

PGA (m/s) Vs d magnitude Station Name No.
(km) occurrence
Kocaeli -
0.364 281.86 13.60 7.51 1999 Duzce 1
Turkey
0.309 326.47 7.89 6.69 1994 N Hollywood-  Northridge -,
Coldwater can 01
El Centro Imperial
0.484 208.91 4.90 6.53 1979 Array #4 Valley 3
0.398 258.89 9.94 7.62 1999 CHY 101 Chi-Chi 4
0.348 198.00 331 6.9 1995 Port Island Kobe - 5
Japan
0.417 352.98 19.74 7.28 1992 Coolwater Landers 6
0.511 288.62 15.23 6.93 1989 Capitola LomaPrieta 7
Table 3. Selected near-field earthquakes [28]
[Y/\] ol ubd.v‘ 293 0) ¢ 6[#4\5)) ¥ JJJ’
PGA (m/s) Vs d magnitude Year of Station Name No.
(km) occurrence
0.137 347.62 31.74 7.51 1999 Goynuk Kocacli - 1
Turkey
0.365 371.07  21.64 6.69 1994 Glendale-Las  Northridge -,
Palmas 01
0.109 212.00 35.64 6.53 1979 Niland fire Imperial 3
Station Valley
0.141 206.24 107.80 7.62 1999 TAP095 Chi-Chi 4
0.324 31200 22.50 6.9 1995 Kakogawa Kobe - 5
Japan
0.122 367.43 62.98 7.28 1992 Fort Irwin Landers 6
0.323 333.85 22.68 6.93 1989 Gilroy Array LomaPrieta 7

Table 4. Selected far-field earthquakes [28]
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Fig. 7. Inter story drift values of SBS6-1/3 model,
under the near-fault earthquake — type 2 soil , a) fix

base b) interaction base

o SBS6-L/3 Jis aih Ol ol plralr Linlie A K2

wl (Gl al (WY (o S = S 5l s sladyls

()

Floor Level

2/0  3/0 4j0
Inter Story Drift (%)
Chi-Chi == Imperial
=3 Kobe =~ Kocaeli
—m=— Landers ~fk—Loma Prieta
—==— Northridge Average
(b)

JJ:;S),U\
(<
]
3
-
g
=
2/0 3/0 4f0
Inter Story Drift (%)

Chi-Chi —— Imperial
~{3—Kobe ~@~— Kocaeli
—e— Landers —#— Loma Prieta
—a— Northridge Average

(a)

Fig. 8. Inter story drift values of SBS6-1/3 model,
under the far-fault earthquake — type 2 soil , a) fix

base b) interaction base
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Far-field Near-field Model

Percent of change Percent of change

increase 0.52 increase  0.25 SBS 3-L/4
increase 0.56 increase  0.26 SBS 3-L/3
increase 0.58 increase  0.30 SBS 3-5L/12
increase 1.01 increase  0.41 SBS 6-L/4
increase 1.02 increase  0.42 SBS 6-L/3
increase 1.04 increase  0.46 SBS 6-5L/12
decrease 1.73 decrease  2.19 SBS 12-L/4
decrease 1.34 decrease  1.90 SBS 12-L/3
decrease 1.16 decrease  1.41 SBS 12-5L/12

Table 5. Comparison the percentage increase or decrease of
maximum displacement of roof under the average near and far
fault Earthquakes - type 2 soil

wf;p;w*rpo&ﬁﬂfa%ﬂsgﬁlplwﬁwuﬁ\dﬂ?

i%dl}-—%&iéf})}.)dlﬁsdjj)

Far-field Near-field

Percent of change Percent of change Model
increase 2.93 increase  4.44 SBS 3-L/4
increase 3.04 increase  4.91 SBS 3-L/3
increase 3.31 increase 5.52 SBS 3-5L/12
increase 4.11 increase 6.17 SBS 6-L/4
increase 4.39 increase 6.60 SBS 6-L/3
increase 5.06 increase 7.16 SBS 6-5L/12
increase 6.58 increase 132 .8 SBS 12-L/4
increase 7.36 increase 173.1 SBS 12-L/3
increase 12.62 increase 18.2 SBS 12-

2 S5L/12

Table 6. Comparison the percentage increase or decrease
of maximum displacement of roof under the average near
and far fault Earthquakes - type 4 soil
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Fig. 11. Residual story drift values of SBS6-1/3 model, under
the near-fault earthquake — type 2 soil , a) fix base, b)
interaction base
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Fig. 12. Residual story drift values of SBS6-1/3 model, under
the far-fault earthquake — type 2 soil , a) fix base,
b) interaction base
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Fig. 9. Inter story drift values of SBS6-1/3 model, under the
near-fault earthquake — type 4 soil , a) fix base b) interaction
base
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Fig. 10. Inter story drift values of SBS6-1/3 model, under
the far-fault earthquake — type 4 soil , a) fix base b)
interaction base
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Yos
Far-field Near-field
Percent of Percent of Model

change change
increase  0.44 increase 1.51 SBS 3-L/4
increase 0.31 increase 1.50 SBS 3-L/3
increase 0.16 increase 1.46 SBS 3-5L/12
increase  0.74 increase  3.60 SBS 6-L/4
increase  0.68 increase  3.52 SBS 6-L/3
increase  0.64 increase  3.18 SBS 6-5L/12
decrease  3.47 decrease  6.75 SBS 12-L/4
decrease  3.21 decrease  6.15 SBS 12-L/3
decrease decrease SBS 12-

3.14 6.05 SL/12

Table 7. Comparison of inter story drift ratio change percentage

- type 2 soil

Skt — dib Ola el plralr Cond 05 doys (aaolia A J g

[ 2N
Far-field Near-field
Percent of Percent of Model

change change
decrease  3.04 increase  4.50 SBS 3-L/4
decrease  3.40 increase  4.47 SBS 3-L/3
decrease  3.58 increase  4.08 SBS 3-5L/12
decrease  4.31 increase 5.49 SBS 6-L/4
decrease  4.57 increase 5.47 SBS 6-L/3
decrease  4.86 increase 5.16 SBS 6-5L/12
increase 7.70 increase  11.67 SBS 12-L/4
increase 7.23 increase  11.03 SBS 12-L/3
. . SBS 12-
increase 7.19 increase  10.53 SL/12

Table 8. Comparison of inter story drift ratio change

percentage - type 4 soil

- Slib Ll e 2lralr Sl s do s A lis A dgdr

Yo S
Far-field Near-field
Percent of Percent of Model
change change
decrease 1.12 decrease  0.35 SBS 3-L/4
decrease  1.29 decrease  0.56 SBS 3-L/3
decrease  2.21 decrease  0.70 SBS 3-5L/12
increase  3.55 decrease 2.41 SBS 6-L/4
increase  3.88 decrease  2.59 SBS 6-L/3
increase  4.03 decrease  2.52 SBS 6-5L/12
increase  5.19 decrease  7.27 SBS 12-L/4
increase  5.68 decrease  8.52 SBS 12-L/3
increase decrease SBS 12-
5.75 7.92 SL/12

Table 9. Comparison of residual story drift ratio change

percentage - type 2 soil
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Fig. 13. Residual story drift values of SBS6-1/3 model, under
the near-fault earthquake — type 4 soil , a) fix base, b)

interaction base
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Fig. 14. Residual story drift values of SBS6-1/3 model, under
the far-fault earthquake — type 4 soil , a) fix base, b)

interaction base
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Far-field Near-field
Percent of Percent of Model

change change
decrease  5.00 increase 6.11 SBS 3-L/4
decrease  5.35 increase 6.61 SBS 3-L/3
decrecase  5.86 increase 6.39 SBS 3-5L/12
decrease  6.85 increase  19.95 SBS 6-L/4
decrease  5.73 increase  19.26 SBS 6-L/3
decrease  5.13 increase  18.75 SBS 6-5L/12
increase  24.71 increase  36.02 SBS 12-L/4
increase  21.13 increase  35.57 SBS 12-L/3
. . SBS 12-
increase  18.18 increase  30.07 SL/12

Table 10. Comparison of residual story drift ratio change
percentage - type 4 soil
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Abstract

During the past years, researchers have developed ideas to thoroughly investigated into the behavior of
structural bracing systems. Accordingly, one of these emerging systems is the Strong Back Bracing System
(SBBS) by which the inter-storey drifts are maintained constant to prevent occurrence of failure. This system
is comprised of the components of conventional concentrically braced frames together with a strong truss
whose presence is aimed at uniform distribution of drifts along height of the building. This truss precludes
concentration of damages in one or several stories in the concentrically braced frames. On the other hand, the
near-filed earthquakes differ from the far-field ones in terms of both amplitude and frequency content. Thus,
it is required to study the effects of such earthquakes on behavior of the SBBS. In addition to earthquake, the
soil underlying the structure can affect the structural responses especially in cases when structure rests on soft
soils. This system is comprised of the components of conventional concentrically braced frames together with
a strong truss whose presence is aimed at uniform distribution of drifts along height of the building. This truss
precludes concentration of damages in one or several stories in the concentrically braced frames. On the other
hand, the near-filed earthquakes differ from the far-field ones in terms of both amplitude and frequency
content. Thus, it is required to study the effects of such earthquakes on behavior of the SBBS. In addition to
earthquake, the soil underlying the structure can affect the structural responses especially in cases when
structure rests on soft soils. Typically, the codes provide methods for structural analysis assuming that the
structure is located on a rigid base whereas in reality, this assumption does not always hold true highlighting
the need for inclusion of soil-structure interaction into the analyses. Accordingly, this paper deals with seismic
behavior of the structures equipped with the SBBS considering the soil-structure interaction under near and
far-field earthquakes. In this respect, 3, 6 and 12-storey structures resting on stiff and loose soil (soil type 11
and IV according to classification of Standard 2800) have been analyzed. To this end, nonlinear time-history
analyses using seven far and near-field earthquakes for both cases of rigid and flexible base, have been carried
out. The results indicate that maximum roof displacement of 3, 6 and 12-storey structures founded on stiff
soils (soil type II) vary insignificantly under the far and near-field earthquakes. Conversely, in the case of soft
soils (soil type IV), displacements have increased by 2.93 to 18.22%. Moreover, it was found that drift ratios
for the structures on stiff soil, in the case of 3 and 6-storey structures, increases slightly and reduced by 6.75%
for the 12-storey structure. In the case of soft soil, all structures under the near-field motion, incurred increase
in drift ratios by 11.67% and in the case of far-field, 3 and 6-storey structures experienced 4.86% decrease and
conversely, the 12-storey structure encountered 7.7% increase. In addition, ratio of residual drift of the 3, 6
and 12-storey structures under average of near-field earthquakes, has decreased and increased by 8.52 and
36.02 in the case of stiff and soft soils, respectively.

Keywords: Strong Back Bracing System (SBBS), Soil-Structure Interaction (SSI), Near-Field earthquake,
Far-Field earthquake.



