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Seismic intensity index for incrementel dynamic analysis of

super high-rise hybrid structures
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Abstract: In design of super high-rise structure, the ground motion intensity index guides the seismic
design of the structure and is very important for safety of the structure, but there is no unified conclusion on
the ground motion intensity index of super high-rise mixed structure. Therefore, it is of great significance
to study the ground motion intensity index of the super high-rise structure. Based on the review of the
current research status of the effectiveness of seismic intensity index in the incremental dynamic analysis of

building structures, this article proposes a seismic intensity index a % » which is suitable for the incremental

dynamic analysis of super high-rise building structure. The ground motion intensity index S,y is the
geometric average of the spectral acceleration corresponding to the natural vibration period of a% mode

mass participation coefficient before considering the translational direction of the structure, In order to

verily the effectiveness of the seismic intensity index gu% , PERFORM-3D elastoplastic analysis software
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was used to establish a nonlinear model of an actual super high-rise building and perform incremental

dynamic analysis. Based on the discrete analysis of 0.« and V.« results of various ground motion intensity

indexes, it is concluded that S,;; of ground motion intensity index proposed in this paper can effectively

reduce the discreteness of 0., and V... when applied to incremental dynamic analysis of super-high-rise

structures, which improves the validity of calculated data and provides reference for the application of

actual super high-rise structures.

Keywords: incremental dynamic analysis; super high-rise building; seismic intensity index; dispersion
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Fig. 1 Floor plan of the main building of Huide Tower
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Fig. 2 Core tube shear wall layout
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Table 1 Variation of core concrete strength grade and thickness

REE R $# )5 /mm
Bz

AR H, H; H3
1~2 €60 1200 500 600
3~11 C60 1100 500 600
12~23 C60 1 000 400 500
24~34 C60 800 400 500
35~45 C50 700 400 500
46~49 C50 700 400 500

50~58 C50 700 300
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Table 2 Comparison of first three period

JE PERFORM-3D YIK R/ %
T 4,748 4,741 —0.15
T, 4,576 4,563 —0. 28
Ty 3.237 3. 148 —2.75
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Table 3  Structural incremental dynamic analysis of seismic wave information

75 HFZZ 2 R A W3k 4 Bk 5 7516 PGA/(em =+ s72)  Ty/s
Y1l IMPERIAL VALLEY-06 NO. 162  1979-10-15 CALEXICO FIRE STA, 315 201. 95 0. 36
Y2 BIG BEAR-01 NO. 910 1992-06-28 JOSHUA TREE - FIRE STATION, 360 63.56 0. 40
Y3 AT 1 35. 00 0. 35
Y4 CHICHI, TaiWan-04 N0. 2721 1999-09-20 CHY057, E 20. 72 0. 37
Y5  CHALFANT Valley-04 NO. 563  1986-07-31 BISHOP - LADWP SOUTH, 180 60. 24 0. 38
Y6 N. PALM SPRINGS NO. 532 1986-07-08 RANCHO CUCAMONGA, 090 18.95 0.37
Y7 NORTHRIDGE-01 NO. 942 1994-01-17 ALHAMBRA - FREMONT SCHOOL, 090 79. 82 0. 39
Y8 LOMA PRIETA NO. 745 1989-10-18 UPPER BUTTS RANCH, 220 98. 36 0. 40
Y9 COALINGA-01 NO. 353 1983-05-02 PARKFIELD - GOLD HILL 4W, 000 97.48 0. 42
Y10 AL 2 35.00 0. 40
Y11 DUZCE TURKY NO. 1618 1999-11-12 LAMONT STATION 531,E 117.79 0.41
Y12 THI1TGO40 1980-05-27 CASH BAUGH $ RANCH, MAMMOTH LAKES  147. 63 0. 40
Y13 WHITTIER NARROWS-01 NO. 618 1987-10-01 FOUNTAIN VALLEY-EUCLID, 292 62. 41 0. 38
Y14 SAN FERNANDO NO. 56 1971-02-09 CARBON CANYON DAM, 130 69.53 0. 37
Y15 NTW 3 35. 00 0. 40
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Fig. 4 P graph of the dynamic coefficient of seismic waves

3.4 EBEhHhHW

BB 10T (IDA) 5 15 8 5 L ff s b 3h i
5 FEEFE B o AN ] ) b 2 Bl o B A8 AR 64T IDA TR
SE IR EAA R Bk 2R HoiE ol o 48 A e el
BLATEE R PERE S B B, SR E A S50 454 i
KILNRHT ) B KIZ ML M. e 18 )
(A5 G bR AN 45 K M BE S 80U , w0 i Hb 7R Bl Y
VL ERe

HAr. PGA A1 S, (T, &) Je& & F i 72 5h ok
FEFRR 1T S, (T, & XFA Ja A M & 2 250 I F A
FHo BT PGA MEAR AT AR U R Bl I A 10 5i J5 it
AL E AT TP EBGE B AT PGA 1E N HLGE 3l
SRIETERR. SO R PGA SEATRE T8 AR5 B
FE B HbL 72 S B FE B T H HH B S, HEAT R 314

S SELERTT a Vo PR T T i 2 5 R B0 B R SR
XoF IS %) JUAR P AR, e e S A ik
HR 6} o7 B B 5 5 R DTSR 31S,, o T I B 47
T, S, SR RN 4 BT . 3T PGA )
JEUE b T ECHTRE) HR 9 B B IX 55 1 b 5 o sk
I FER R RAE A 620 em/s” . HLAT R AR “FR Rz
(AT R, Ar L, IDA 430 PGA _ERREEL 1 000 cm/
"N T IRUEZE AL SRAR BORG # 0T H R ZE ROF A &
BT 0% PGA 8 IR 4% ] 50,100, 200, 300,
400,600,800,1 000 cm/s*#47, PGA 7E 400 cm/s"Z
T o 25 BRI 25 40y S50 S0 0 20 A L P B BE L A 1R 1Y
I TR 5 359 A ] A 32 1 R Ak SR 28 K s B
K S FEOX— B B 45 5 0 il A =, I LA 31X
— W BOA AR EBUHXH/ . PGA 7E 400 em/s" 2
J5 O 8 TR 52, L6 25 R BT BRI 9 R A=
AR /N I H Y KA X KR I L 254 i A8 1
PRI R 0 v, 3 R B 8 P i R 2 T S K g
], 256 7% EOX M R 38 s I T B K. YT
HAb M= ShHEFRARXT T PGA MR, FTHRTA 7
AT AEHE S Y1 /EH R . PGA 581
B9 FERE bR AR N A IR (A 3R 5 TR, A 43
DB £ 3 s DRIE B 55 7R B I 2R BB O, 1R
% 0.01 LI BV, ABRETHA 2 100 000 kN DAL,



%3 ARHE 55 A8 5 B A MG 30 A T 0 3 E Bh 3R R 4R AR 115
R4 SuEDIERITEER
- 4 MEREEFREHESHT
Table 4  Calculated results of S,o;
§ — — — 1 agen / 22 2 ) 41 {
e s o = BT X R HAE SR LA 46 K )
= P — . W CHE IS 99 77 J2 LR RS ) 45  X 7T, KB
v o o " IDA THEZE R AT LAAS 31 b 572 5 7F #5 172 20 5 2 4
y ' ' ' B T 00 5 g Rl 2 [R5 4% 4 1 TDA 48, BR
3 17. 6 19.7 30. 8 — . O
TR AL Y H R AE PGA TR RFLIR Y ) Fide K
Y4 L7 10. 1 17.7 A N .
° JRIARERSF7 1 IDA B2k, I 5 R 6 iR, MR
Y5 6.1 10.5 80.9 IDA TR S R AT IR 7 ¥, ] LAAS 21 4% 30 52 3l
Y6 2.4 5.0 9.3 F;J:E'*TX]L? 0m1x %ﬂ Vnnx E/J ﬁ{i;ﬁlﬁﬂ Qf FE?%IFEI S /N
Y7 10.6 19.8 47,7 25 PGA I PGV X T O 902 KO 26 AT 7
Y8 20. 1 28.7 57.4 FEL 8 7R o BT O V545 30 1Y 20 (5 250 M 2 25 1
Y9 19.7 32.8 52.3 FREEP IR 223K 6 in, BT V. TS 21 53
Y10 19, 2 22,9 307 PR 2 R IR 22 3R 7 o, 1A
o s o o R BRI FERAN T 0, Vo 1 0 R 0 2
MZ A —
Y12 46.7 70.5 120.9 :Fig{aﬁni% 8 Fﬁmo
Y13 11.5 20. 3 36.9 1 000p FT TR
900 i S
Y14 7.4 9.6 22.2 300 AN
Y15 15. 4 19.7 32.0 7 P, N R
3 500 Y7 e - ¢
—_ e — A ! S -7 I
%5 HRHBEHIIAXLIAIEE o
300 i -
Table 5 Amplitude modulation value corresponding 200 ,;/:Zﬁ" v - ﬁ%
g —-YIs
to the ground motion intensity index 101 g2 — M
0 0.5 1 15 2 2.5
PGA PGV S.(TD PSV Siz JEEBY J1/10°%kN
50. 0 1.0 5.7 1.3 5.9 s EEE&ﬁIDAH%
Fig. 5 IDA curve of base shear
100. 0 8.1 11.5 22.6 11.8
200. 0 16. 1 23.0 45.1 23.7 10001 ., P P ’
I / /;’,, /
300. 0 24.2 34.5 67.7 35.5 900 I
800 A S Y1
400. 0 32.3 45.9 90. 3 47.3 700 Ny 13
) 600 // / ///,"/,/ Y5
600. 0 48.4 68. 9 135.4 71.0 2 s Wy =
S123(S70%)  Sizais (Ssox)  Ss (Sro9) §3o% gf}o% B 400 , ' ‘,,-’"f./ /:/// T
Wor S “Syi
7.3 9.4 11.9 20. 3 36. 1 wol /AT ~Syi3
100} (577 -
14.6 18. 8 23.8 40. 6 72.2 & _E'Zﬁ]l
0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
29.2 37.5 47.6 81.2 144, 4 AR /(%)
43.8 56. 3 71.4 121. 8 216.5 B 6 mAREMREA IDA
58, 4 75.0 95. 2 162. 4 288, 7 Fig. 6 IDA curve of maximum interlayer displacementangle
87.6 112.6 142.9 243. 6 433.1 . .
VE ARSI T PGA WIRIR(E (PGV B0y cm/s, HoAx i e S
BRI N cm/s”) 1000 y
X
e =<
7£ PERFORM-3D £ 8 v, i 1 BH JE 5 83 Bl g
, 500 e
%%JJHEI’\J,%1‘@E‘Jlﬁﬁéﬁéﬁﬁéﬁ—ﬁ@&ulﬁ)@bﬂiﬁa o
ZINFR) Bt A B A AL, B AR BHLJE e 42— 0. 04, = .

ﬂﬁﬁzjﬁ”ﬂz&@u“’ﬁlﬂrﬂ%/\,X Y [y
FRUIEAE N 1:0. 85,

0
0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01

KRB £/ ()
Bl 7 PGA T O 5 (1 55 1 25
Fig.7 Quantile curve of PGA for 0.«



2 2 ROF & O

% 43 %

116 T K5 x££
140
—50%
120 — 84%
,-\ 16%
T@ 100
g
S 80
5
£ 60
40 e
/// ~
20 =
//_/
0 ,
0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01
BRI F/(°)

8 PGV XtF 0. M # th2k
Fig. 8 The quantile curve of PGV for 6.

F6 FZHEIERET 0. EHLE
EHEETEYIRE
Table 6 Seismic indicators based on the mean error of 0 ,..s

quantile curve dispersion degree
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Table 8 Mean standard deviation of conditional logarithm of

ground motion index for 0., and V.

Hb R B 5E B T8 bR S Asavs / % X Ay /%
PGA 43.28 —30. 06
PGV 31.02 —23.17
PSA 63.71 —38.86
PSV 52.61 —34.14

Sa(Ty,4%) 82. 49 —44. 90
Siz 84. 81 —45.59

Sizs (Sr0%4) 73.65 —142.10
St2315 (Sgo ) 61. 54 —37.77
Sy (Sww) 53. 20 —34.42
Ssov 36. 33 —26.41
Soovs 24. 83 —19. 64

7R SR HR bR Ormax Vmax
PGA 0.359 0. 360
PGV 0. 267 0.337
PSA 0.492 0. 465
PSV 0. 420 0.435
S.(Ty,4%) 0. 602 0. 568
Sz 0.615 0.582

Si23 (Sr050) 0.550 0. 530
Si2315 (Sgo% ) 0. 473 0. 469
Sy (Swy) 0. 423 0. 443
Ssov 0. 306 0. 386
Soous 0. 230 0. 297
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Table 7 Seismic indicators based on the mean error of

V/ xS quantile curve dispersion degree

M7 B8 B AR AR SEE Agars /% T Avew / %
PGA 44. 86 —29.65
PGV 40. 91 —28. 34
PSA 60. 81 —36. 66
PSV 55. 32 —35.03

S.(Ty,4%) 77.52 —43,23
Siz 79. 72 —43. 92

Si23 (Sr0%) 70. 94 —41.03
Sizses (Sgo%) 61.58 —37.60
Sy (Srov) 56. 77 —35. 69
Sso 47.69 —31.80
Soo 31.18 —23.00
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