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Evaluating of seismic response for
dual structural systems including
torsional irregularity by using
scaled time history

ABSTRACT:

This research presents an evaluation of the dual structural systems
including torsional irregularity, where the behavior of these systems
has been studied using nonlinear dynamic analysis of the scaled
time history, by the method of nonlinear direct integration, using
ETABS program. and a comparison was made between seismic
response parameters for irregular systems and regular systems.
The results showed the significant impact of the presence of
torsional irregularities in buildings on seismic response parameters,
and effect amount and location of irregular and the reason that led
to torsion, and the importance of working to find more accurate
relationships than the relationships given by the code to estimate
the values of seismic response parameters for irregular buildings.
Where the results showed that fundamental time period increases
in case of stiffness irregularity than in the case of the regular by
rates of up to 5%, The base shear force decreases by rates of up
to 40%, and The maximum displacement reduces by rates of up to
40%. Based on the results of analytical study ,an irregularity index
was proposed, and a set of relationships was proposed that relate
properties of the structure to seismic response parameters,
proposed adding coefficient (on) for the fundamental period
relationship, and coefficient (ov) for design base shear force
relationship, which it considers the effect of type, location and
magnitude of torsion irregularity. This helps to achieve more
accurate results, then obtaining safe and economical design.

Key words : vertical stiffness irregularity, dual structural systems, nonlinear
dynamic analysis of the scaled time history, the seismic response parameters.
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09920 | 1.085 | 1950 | 0.0043 | 0.0752 | 0.822 | 20.13% | (ImX2.4m)-(1+2) | i okl e M6
09927 | 1.081 | 1947 | 0.0042 | 0.0731 | 0.823 | 20.60% | (ImX2.5m)-(1+2) | ol kil poe M7
09925 | 1.082 | 1945 | 0.00372 | 0.0656 | 0.823 | 21% | (ImX2.6m)-(1+2) | ol kil pe M8
099 | 1.085 | 1980 | 0.0037 | 006 | 0.825 | 24% | (L5mX2m)(1+2) | ol kil e M9
09988 | 1.004 | 3019 | 0.00461 | 0.0813 | 0.807 | 1.0% | (0.75mXIm)-(3+4) | hws sl o M10
0.9984 | 1.024 | 2960 | 0.00461 | 0.0803 | 0.811 | 1.4% | (IMXL5M)-(3+4) | cams il o M11
0997 | 1.018 | 2987 | 0.00459 | 0.0797 | 0.814 | 2.0% (IMX2m)-(3+4) | mes ol o M12
0.0861 | 1.021 | 2963 | 0.00456 | 00792 | 0.816 | 24% | (ImX23m)-(3+4) | owslbiipw | . [MI3
0996 | 1.026 | 2944 | 0.00455 | 0.0787 | 0.818 | 2.7% | (ImX2.5m)-(3+4) | hws ol o M14
0995 | 103 | 2978 | 0.00468 | 0.0806 | 0.82 | 3.1% | (ImX2.7m)-(3+4) | hus ol o M15
0994 | 1.037 | 2962 | 0.00471 | 0.0801 | 0.822 | 4% | (1.5MX2.4m)-(3+4) | ohus Abi o M16
0993 | 1.042 | 2975 | 0.00483 | 0.0817 | 0.826 | 4.6% | (L5MX2.7m)-(3+4) | s Ak o M17
0992 | 1.045 | 2938 | 0.00467 | 0.0828 | 0.825 | 5.0% | (L5mX2m)-(3+4) | hws ol o M18
0998 | 1.002 | 3129 | 0.00459 | 0.0818 | 0.805 | 0.48% | (0.75mXIm)-(5+6) | wsle ol o M19
0997 | 1.004 | 3109 | 0.00457 | 0.0817 | 0.805 | 0.50% | (ImXIm)-(5+6) | s ol o M20
0996 | 1.005 | 1986 | 0.00435 | 0.0718 | 0.806 | 0.52% | (ImXL2m)-(5+6) | s ol o M21
09955 | 1.006 | 1985 | 0.00435 | 0.0718 | 0.806 | 0.55% | (ImXL3m)-(5+6) | wsse Abol e M22
0995 | 1.007 | 1972 | 0.00437 | 0.0717 | 0.807 | 0.6% | (ImXL5m)-(5+6) | sl ol o M23
0993 | 1.008 | 1988 | 0.00441 | 0.0716 | 0.809 | 1.2% (IMX2m)-(5+6) | sle ol e M24
099 | 1.014 | 1988 | 0.0045 | 0.0719 | 0.813 | 2.1% | (ImX2.5m)-(5+6) | sk Ak o M25
0988 | 1.01 | 1972 | 0.0045 | 0.0718 | 0.812 | 2.2% | (L5mX2.5M)-(5+6) | s ol o M26
1 1 3418 | 0.00678 | 0.148 | 1.303 | 0% CiaB o5 ok M27
1 1.006 | 3323 | 0.00663 | 0.144 | 1.304 | 5.60% (O'fo;ﬁ;“)‘ i L e M28
09997 | 1.05 | 3174 | 0.00672 | 0.1484 | 1.323 | 15.70% | (ImX1.5m)-(1+2+3) | i Jkmil M29
0.9985 | 1.056 | 3120 | 0.00554 | 0.1386 | 1.328 | 18.60% | (ImX2m)-(1+2+3) | i ol e M30
0998 | 1.083 | 2147 | 0.00464 | 0.12 | 1.335 | 21.10% | (ImX2.5m)-(1+2+3) | ohwoisi.x | 9 [ M3L
09977 | 1.086 | 2152 | 0.00406 | 0.103 | 1.339 | 22.10% | (ImX2.7m)-(1+2+3) | i oLkl o M32
098 | 1.088 | 2165 | 0.00527 | 0.139 | 1.344 | 24.30% | (L5mX2m)(1+2+3) | ol oAbl e M33
0978 | 1.089 | 2169 | 0.0041 | 0.106 | 1.352 | 28.70% (1-5(>ﬂ>§-;)m)- i AL e M34
099 | 1.004 | 3388 | 0.0068 | 0.147 | 1.308 | 0.58% (0.75mX1m)- ey A e M35
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(4+5+6)
0.9963 1.03 3309 0.00685 0.146 1.313 0.87% (ImX1.5m)-(4+5+6) | s pUaiil axe M36
0.996 1.033 3266 0.00686 | 0.1447 | 1.318 1.46% (ImX2m)-(4+5+6) (g pUa) are M37
0.9936 1.049 3199 0.00683 | 0.1425 | 1.327 2.39% (ImX2.5m)-(4+5+6) | w2t axe M38
0.9927 1.06 3170 0.00681 | 0.1413 | 1.332 2.89% (ImX2.7m)-(4+5+6) | w2 axe M39
0.993 1.05 2076 | 0.0066 | 0.136 | 1.335 | 3.60% | (1.5mX2m)-(4+5+6) | (aus AUl ac M40
0992 | 1.049 | 2069 | 0.00692 | 0.137 | 1.336 | 3.82% a'?ﬂéig)m)‘ s AL e M41
0.998 1.004 | 3394 | 0.00676 | 0.148 | 1.304 | 0.55% (0'(7753:;;“)' sl Azl pxe M42
0.9817 1.008 3304 0.00673 | 0.1477 | 1.306 0.59% (ImX1.5m)-(7+8+9) | ssle aUiiil axe M43
0.979 1.012 [ 2191 | 0.00519 | 0.1313 | 1.309 | 1.15% | (ImX2m)-(7+8+9) | sk oatl M44
0.9747 | 1.018 | 2215 | 0.00526 | 0.1296 | 1.314 | 2.18% [ (ImX2.5m)-(7+8+9) | sl ol o M45
0.9722 1.025 2224 0.00534 | 0.1302 | 1.317 2.70% (AmX2.7m)-(7+8+9) | (ssle oUaiil are M46
0.989 1.026 2197 0.00456 0.131 1.318 2.16% (1.5mX2m)-(7+8+9) | ke pUiiil axe M47
0.989 1.029 | 2176 | 0.00548 | 0.1302 | 1.319 | 2.60% (1-?91);3-5)@- sl Azl pxe M48
1 1 3072 0.00506 0.170 1.691 0% Sladd (52 plaiie M49
(0.75mX1m)- o
0.99 1.008 3043 | 0.00532 0.170 1.705 | 0.92% (142+3+4) (i QT a2 M50
(ImX1.5m)- S
0.9867 1.06 3013 0.00491 | 0.1648 | 1.715 | 15.40% (1+2+3+4) LIRS S TS M51
(AmX2m)- T
0.985 1.063 2988 0.005 0.1646 | 1.723 | 18.30% (1+2+3+4) (i ol aoe M52
(AmX2.5m)- T
0.9846 1.08 2701 0.0039 0.1644 | 1.735 | 20.80% (1+2+3+4) (i ol aoe M53
(AmX2.7m)- © s
0.984 1.09 2555 0.00335 0.15 1.742 | 21.90% (1+2+3+4) UL PR M54
(1.5mX2m)- © s
1.0255 1.095 2415 0.0033 0.1459 | 1.762 | 24.70% (1+2+3+4) (i ol aoe M55
(1.5mX2.7m)- T
1.026 1.099 2560 0.00372 0.145 1.758 | 28.60% (1+2+3+4) (i ol ae M56
(0.75mX1m)-
1 1.006 3069 0.00519 0.17 1.701 0.80% (5+6+7+8) (sl g pUail are M57
(AmX1.5m)-
0.9695 1.009 3049 0.00512 | 0.1657 | 1.708 1.20% (5+6+7+8) (shnas aldatil axe M58
(AmX2m)-
0.966 1.022 3036 0.00623 0.185 1.717 2.00% (5+6+7+8) (sl g plail are M59
(AmX2.5m)- 12
0.9625 1.022 3013 0.0054 0.1661 | 1.734 3.40% (5+6+7+8) (shans aldatil axe M60
(AmX2.7m)-
0.962 1.024 2999 0.00549 | 0.1662 | 1.744 4.10% (5+6+7+8) (sl g platil are M61
(1.5mX2m)-
0.9885 | 1.026 | 2964 | 0.00573 | 0.165 | 1.736 | 3.84% (5+6+7+8) s AT e M62
(1.5mX2.7m)-
0.988 1.028 2962 0.00546 0.16 1.744 4.60% (5+6+7+8) (s AT axe M63
(0.75mX1m)-
1 1.006 3084 | 0.00491 0.165 1.694 | 0.68% (9410+11+12) ssle il e M64
(ImX1.5m)- )
09776 | 1.008 | 3076 | 0.00494 | 0.165 | 1.695 | 0.71% (9+10+11+12) @ sle Al e M65
(AmX2m)- L
0.97 1.008 3080 | 0.00496 0.165 1.698 | 1.40% (9+410+11+12) $sle Al e M66
(AmX2.5m)- )
0.9689 1.008 3080 0.00492 | 0.1594 | 1.703 2.66% (9+10+11+12) s sle Uil axe M67
(AmX2.7m)- L
0.9665 1.008 3072 0.00493 | 0.1592 | 1.706 3.30% (9+10+11+12) s sle plaiil axe M68
(1.5mX2m)- L
0.96 1.008 3030 | 0.00495 0.158 1.699 | 2.60% (9+10+11+12) $sle Al e M69
(1.5mX2.7m)- e
0.955 1.008 3044 0.00496 | 0.1585 | 1.703 3.15% (9+10+11+12) s sle Uil axe M70
1 1 3502 0.0050 0.178 | 2.038 0% ——T i 15 M71
1 1.008 | 3380 | 0.0050 | 0.176 | 2.061 | 12.30% (0.75mX1m)- i ozl o2 M72
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el (a3
(1+2+3+4+5)

09848 | 1.01 | 3359 | 0.005 | 0171 | 2.04 | 10.30% (glgféfﬂ)s‘) IR M73
09811 | 1.08 | 3321 | 0.00486 | 0.1485 | 2.08 | 19.20% ( figéi'z}rs) el s e M74
0.98 1.09 | 3188 | 0.00464 | 0.1464 | 2.008 | 21.80% (glgfgfﬂ)s‘) i AL e M75
0975 | 1.103 | 2881 | 0.00452 | 0.114 | 2.11 | 22.80% ((113))%)7 4'2)5‘) i AL 2o M76
097 | 1.105 | 2802 | 0.00467 | 0.114 | 2123 | 29% ((11;3'1‘;?4@5‘) JETETI M77
096 | 1121 | 2639 | 0.0048 | 0.108 | 2.146 | 33.50% %f;“éﬂg i AL e M78
1 1.006 | 3446 | 0.0050 | 0178 | 2.052 | 1.08% ((g;;ig‘glfl%‘) s plsl pae M79
0965 | 1.015 | 3398 | 00049 | 0172 | 2.061 | 1.59% (éi?ﬁgﬂg%) s (sl pae M80
0961 | 1.026 | 3376 | 00050 | 0.1723 | 2.075 | 2.70% (6517”:;(531&0) s plsl pae M81
0959 | 103 | 3335 | 00051 | 01724 | 2.1 | 4.50% (éig‘jﬁigﬂ);}) s flsl pae M82
0958 | 104 | 3312 | 00051 | 0.1724 | 2112 | 5.40% (éig‘ﬁi'm);)) s plsl pae M83
0955 | 1.045 | 3242 | 00056 | 0.1721 | 2.102 | 5.60% (éi?&égﬂ)b) s plsl pae M84
095 | 1.046 | 3247 | 0.00514 | 01720 | 2.112 | 5.70% (%f;”jgféi”l%') s flsl pae M85
1 1.002 | 3424 | 0.00498 | 0.1820 | 2.042 | 1.10% (11(15’1'23T§11”;1'15) $sle AL e M86
09763 | 1.003 | 3411 | 0.00496 | 0.1819 | 2.043 | 1.26% (111&?:(1133’12;15) sle AL e M87
0966 | 1005 | 3370 | 0.00404 | 0.1817 | 2.047 | 228% | Smam). i1s) | oo e M88
09505 | 1.021 | 3314 | 0.00499 | 0.186 | 2.053 | 3.96% (11&?512?3;15) Ssle AL e M89
095 | 1.015 | 3278 | 0.0050 | 0.186 | 2.057 | 4.77% (11&?51%122;15) ssle AL e Mo
0946 | 1015 | 3252 | 00047 | 0.155 | 2.049 | 3.90% (uﬁfﬂém;w) sle AL e Mo1
094 | 1016 | 3234 | 00051 | 0.1929 | 2.053 | 4.50% (1%§’$>£ffﬂ)i5) ssle ALl e M2
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