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Fig. 2. The short columns in a duplex building
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Earthquake Occurrence M Station Record Distance to Fault PGA PSnV PGD
Year s Type Rupture (km) (9) ) (cm)

Northridge 1994 6.7 Moorpark Far-Fault 28.00 0.29 20.7 4.24
San Fernando 1971 6.6 Castaic Far-Fault 29.90 0.27 25.90 4.67
Loma Prieta 1989 7.1 Presidio Far-Fault 67.4 0.1 12.91 4.32
Whittier Narrows 1987 5.7 Glendora Far-Fault - 0.11 4.94 0.81
Kern county 1952 77 Sacr‘;iﬁgﬂts’gra Far-Fault - 0.13 15.48 4.06
Imperial-Valley 1979 6.9 Calipatria Far-Fault - 0.13 15.4 10.91
ChiChi 1999 7.6 TCU068 Fling Step 1.09 0.57 176.60 324.11
Kocaeli 1999 7.4 Izmit Fling Step 4.80 0.22 48.87 95.49
ChiChi 1999 7.6 TCU072 Fling Step 7.9 0.46 83.60 209.67
Northridge 1994 6.7 Jensslr;;"ter Dﬁfgﬁ‘{f‘\;ﬂy 6.2 0424 1062 43.06
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. . Forward
Loma Prieta 1989 7.1 Gilroy Array Directivity 5.10 0.367 44.7 19.25
Kocaeli 1999 7.8 Duzce Forward 12.7 0.312 58.8 44.11
Directivity

Table 2. The properties of far and near earthquake records

ASCET-05 L5 Gillae ETABS i35 o5 53 o3le o dlael sl (5 10550 Y s

Exposure and

Pressure Coefficient Wind Exposure Parameters Wind Coefficient
Wind angle relative to the axis x: 90° Base speed of wind: 130 km/h
£ £ Pressure coefficient of the surfaces facing the wind: 0.8 Environmental conditions: Region B
Xposure from Pressure coefficient of the surfaces behind the wind: 0.5 Importance factor: 1
Extents of Rigid - hic T -
Diaphragm Lo_aq cases: Cas_el Topographic a(_:tor. 1
Eccentricity in direction 1: 0 Impact factor of wind: 0.85
Eccentricity in direction 2: 0 Force and pressure factor applied to building: 0.85

Table 3. The properties of wind loading used in ETABS as per ASCE7-05 requirements
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Table 6. The section properties of elements for 60-strory typical and duplex buildings
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39 Mode 2" Mode 15t Mode
Participation Period Participation Period Participation Period Model
Percentage Time Percentage Time Percentage Time
8.03 0.36 10.69 0.63 57.65 2.1 M20BC
9.483 0.37 12.0775 0.58 67.178 2.16 DZ({BC
8.6353 0.36 13.0074 0.56 66.8569 214 DP9BC

Table 7. The effect of duplexing the structure on the period time and the percentage of modes participation in M20BC

ol blze oShss gloosle L M20BC o3l by i anslis A Jgi

P:er;greﬁ:z] o V (ton) Model ngreﬁzz o V (ton) Model V (ton)  Model Lateral Load
0.98 802.88 D20BC2 0.98 802.73 D20BCL 81636 M20BC EXP
0.99 536.58 D20BC2 0.99 53538 D20BCL 539.84 M20BC SPXT
1.02 237.84 _D20BC2 103 2405 D20BCL 23252 M20BC Wind
0.99 1283.86 D20BC2 0.98 127505 D20BCL 1292.29 M20BC _ Northridge (Moorpark)
1.01 111509 D20BC2 101 1109.86 D20BCL 1097.94 M20BC San Fernando
0.92 888.76 D20BC2 0.98 94794 D20BC1 9658 M20BC  Loma Prieta (Presidio)
0.97 7075 D20BC2 0.98 71658 D20BCL 72698 M20BC ___ Whittier Narrows
1.08 12952 D20BC2 103 12456 D20BCL 120179 M20BC Kern county
1.04 7413 D20BC2 107 7583 D20BCL _ 709.7 _ M20BC Imperial-Valley
1.02 1078.38 D20BC2 103 1086.891 D20BC1 105806 M20BC____ ChiChi(TCUOGS)
0.95 125203 D20BC? 0.97 12835 D20BCL 132043 M20BC ___ ChiChi(TCUO72)
1.02 1130.64 D20BC2 102 1140 D20BCL 11117 M20BC Kocaeli (Izmit)
1.07 12507 D20BC2 1.09 128761 D20BCL 117815 M20BC No”h”dgslgftr)‘se” Filter
1.09 120953 D20BC2 118 131268 D20BC1 111215 M20BC  -°OM@ FX:?;?/)(G'"OV

162447 D20BC? 1546 D20BCL 135285 MP20BC Kocaeli(Duzce)

Table 8. The comparison of base shear of M20BC with corresponding duplex structures
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3 Mode 2" Mode 1 Mode
Participation Period Participation Period Participation Period Participation
Percentage Time Percentage Time Percentage Time Percentage
2.9467 0.7 9.13 1.23 50.26 4.86 M40B
3.95 0.67 13.9 1.22 66.49 4.93 D40B1
4.02 0.66 14.13 1.22 66.29 4.93 D40B2

Table 9. The effect of duplexing the structure on the period time and the percentage of modes participation in M40BC
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Increase Increase

Percentage V (ton) Model Percentage V (ton) Model V (ton) Model Lateral Load

1 1269.27  D40BC2 0.99 1269.35 D40BCl 1274.43 M40BC EXP

1 729.7 D40BC2 1 729.93 D40BCl  723.08 M40BC SPXT
1.01 578 D40BC2 1.02 581.34 D40BC1 5713 M40BC Wind
1.06 1159.87  D40BC2 1.03 1132.35 D40BCl1 1097.27 M40BC Northridge (Moorpark)
1.02 1036.15  D40BC2 0.99 1003.62 D40BC1 1014.42 M40BC San Fernando
1.27 119157  D40BC2 1.15 1078.95 D40BCl1  936.53 M40BC Loma Prieta (Presidio)
1.03 529.36 D40BC2 1.03 528.46  D40BCl 51349 M40BC Whittier Narrows
1.17 816.49 D40BC2 1.15 804.62 D40BCl 698.96 M40BC Kern county
0.99 1248.83  D40BC2 1 1252.65 D40BCl 1256.12 M40BC Imperial-Valley
1.13 1527.72  D40BC2 1.09 1478.26 D40BC1 1353.03 M40BC ChiChi(TCUO068)

1 1391.2 D40BC2 1.02 1421.8 D40BCl1 138855 M40BC ChiChi(TCUO072)
0.99 1426.03  D40BC2 1.04 1494.84 D40BC1  1430.37 M40BC Kocaeli (Izmit)
0.99 1062.09  D40BC2 1 107471 D40BC1 107574 MA40BC  Northridge (Jensen Filter Plant)
1.12 1091.8 D40BC2 1.16 1132.68 D40BCl1 97466 M40BC Loma Prieta (Gilroy Array)
1.32 1201.67  D40BC2 1.28 116595 D40BC1 91129 M40BC Kocaeli(Duzce)

Table 10. The comparison of base shear of M40BC with corresponding duplex structures
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MGOBC A)’L.-:)J a e C,S)L:.A M))};_J}L'J QLA) 6};;1@)'\”: QLS J...SL.‘}: j" AR J}J}

3 Mode 2" Mode 15t Mode
Participation Period Participation Period Participation Period Participation
Percentage Time Percentage Time Percentage Time Percentage
4.53 1.13 7.28 2.04 61.18 7.39 M60B
4.39 1.11 14.78 2.04 67.67 7.41 D60B1
4.43 1.11 14.71 2.04 67.55 7.39 D60B2

Table 11. The effect of duplexing the structure on the period time and the percentage of modes participation in M60BC

O blae wShss glassle L MBOBC o3l 6l iy aewlis VY Jguom

Increase V (ton)  Model Increase V (ton) Model V (ton) Model Lateral Load
Percentage Percentage
1 1692.66 _D6OBC? 1 1692.66 D60BCL _1690.6 __M6OBC EXP
1.01 1089.72 _D6OBC2 101 109123 D60BCL 1076.53 _M60BC SPXT
1.02 9722 D60BC2 102 97602 _D6OBCL _ 9535 _ MB6OBC Wind
116 11296 DBOBC2 117 114159 D6OBCL _969.64 MG60BC _ Northridge (Moorpark)
0.87 1168.27 D6OBC2 0.84 112597 D60BCL 1344.85 M60BC San Fernando
0.96 1503.61 D6OBC2 0.97 1518683 D6OBCL _1568.6 M60BC _ Loma Prieta (Presidio)
103 583.17 D60BC2 1.05 59731 D6OBCL 567.48 M6OBC ___ Whittier Narrows
1.07 2069.3 _D60BC2 1 192624 D6OBCL _1927.73 _M60BC Kern county
1.5 1269.48 _D6OBC2 118 1197.15_D6OBCL 1016.38 _M60BC Imperial-Valley
1.05 171306 D6OBC? 1.08 1756.06 DGOBCL _1626.77 M60BC ___ ChiChi(TCU0G8)
0.92 2647.94 DBOBC2 0.94 272033 D6OBCL 2888.62 M6OBC ___ ChiChi(TCUO72)
131 1666.63 D6OBC? 131 1667.68 D6OBCL 1270.82 M60BC Kocaeli (Izmit)
0.93 1069.17 DBOBC2 0.97 11126 D60BC1 1147.4 MeoBc  'orthridge (Jensen
Filter Plant)
1 11643 DGOBC2 1.07 123044 D60BC1 115661 MeoBC  -OM@ *X;f;?/)(G'"Oy
118 178564 D6OBC? 122 184518 D6OBCL 15142 MG6OBC Kocaeli(Duzce)

Table 12. The comparison of base shear of M60BC with corresponding duplex structures
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ABSTRACT

History of past earthquakes and the destruction caused by them show that irregular structures have the
vulnerability potential more than other structures. Reinforced concrete (RC) walls are commonly used as the
primary lateral-force-resisting system for tall buildings, although for buildings over 49 m (160 ft), IBC 2006
requires use of a dual system. Use of nonlinear response history analysis (NRHA) coupled with peer-review
has become a common way to assess the expected performance of tall buildings at various hazard levels to
avoid the use of a backup Special Moment Frame for tall buildings employing structural walls. Modeling of
the load versus deformation behavior of reinforced concrete walls and coupling beams is essential to
accurately predict important response quantities for NRHA. The design of tall buildings essentially involves
a conceptual design, approximate analysis, preliminary design and optimization, to safely carry gravity and
lateral loads. New developments of tall buildings of ever-growing heights have been continuously taking
place worldwide. Consequently, many innovations in structural systems have merged. The design criteria are
strength, serviceability, stability and human comfort. The strength is satisfied by limit stresses, while
serviceability is satisfied by drift limits in the range of H/500 to H/1000. Stability is satisfied by sufficient
factor of safety against buckling and P-Delta effects. The factor of safety is around 1.67 to 1.92. The human
comfort aspects are satisfied by accelerations in the range of 10 to 25 milli-g, where g=acceleration due to
gravity. The aim of the structural engineer is to arrive at suitable structural schemes, to satisfy these criteria,
and assess their structural weights in weight/unit area in square feet or square meters. This initiates structural
drawings and specifications to enable construction engineers to proceed with fabrication and erection
operations. The weight of steel is often a parameter the architects and construction managers are looking for
from the structural engineer. This includes the weights of floor system, girders, braces and columns. The
premium for wind is optimized to yield drifts inthe range of H/500, where H is the height of the tall
building. In this paper, the seismic behavior of steel frames with reinforced concrete core in the duplex and
common high rise building are investigated. In this research, linear analysis under 3 kind of earthquake
loading (equivalent static, spectral dynamic and dynamic time history) and wind load on structures with 20,
40 and 60 stories have been accomplished and different parameters, such as structure’s base shear and effect
of increasing height on seismic behavior have been discussed. Based on results, making structures duplex,
causes changes in modal shapes and mass participation percentage of modes. For this reason, there is no
change in linear static methods and wind load of common structures and duplex structures response but it has
seen changes in structure’s response for 12 far and near earthquake records. In some earthquakes, base shear
has been increased maximum 32 percent of common structure’s base shear and also there is no change in
base shear in some of them. In some structures, base shear has been decreased maximum 16 percent of
common structure’s base shear.

Keywords: Tall Buildings, Steel Structure, Duplex, Seismic Behavior, Dynamic Analysis, Wind.
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