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Tab.2 Natural vibration period and damping ratio of Vibration Mode 1-3 of 16 high-rise buildings in Kunming
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4t /m T/s £ /s £ T/s &

. o1 K 1.534 45 0. 050 83 0.405 3 0.035 3 0.186 7 0.030 3

# 0 JoE 1.328 53 0. 046 14 0.397 4 0.0312 0.194 0 0.023 3
K 0.652 75 0. 061 48 0.219 92 0. 045 26 0.109 1 0.029 7

25 48 Lo 0. 607 94 0. 061 86 0.230 7 0.0417 0.108 4 0.0326
K 0.877 9 0.058 5 0.300 0 0.036 0 - -

3R 58 L] 0.863 5 0.058 0 0.298 1 0.044 9 - -

. . K 1.5206 0.052 4 0.387 3 0.036 2 0.187 8 0.027 8

# 00 JoE 1.474 4 0.052 0 0.372 6 0.0427 0.180 7 0.025 8
Kl 1.8618 0. 061 20 0.486 9 0.039 8 0.246 2 0.0257

SH 120 Lo 1.469 5 0.048 8 0.449 8 0.029 7 0.2479 0.018 6
K4 1.416 5 0.047 2 0.3627 0.027 2 0.183 4 0.018 7

6 100 S5 1.103 3 0.047 5 0.3295 0.022 0 0.162 8 0.015 1
K 1.0145 0. 066 2 0.280 0 0.041 4 0.131 4 0.012 6

T 6 JoE 0.795 4 0.056 9 0.2357 0.042 6 0.1215 0.013 5
Kl 16549 0.055 6 0.412 0 0.038 6 0.195 5 0.028 6

8 H 92 Lo 1.5199 0.051 0 0.452 1 0.039 9 0.2221 0.024 1
K 0.761 0 0.052 5 0.2237 0.0359 0.104 1 0.026 2

o 58 L] 0.8637 0.057 9 0.239 6 0.0329 0.117 6 0.206 7
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4t /m T/s £ /s £ T/s &
K 0.675 1 0.0512 0.257 4 0.036 8 0.115 6 0.0192
10 4% 50 JoE 0.758 2 0.055 6 0.2118 0.037 3 0.121 0 0.019 7
K 0.684 5 0.055 1 0.177 1 0.037 8 0. 095 6 0.022 0
114 32 S5 0.719 3 0. 066 8 0.200 1 0.044 8 0. 095 4 0.0216
5 K 0.773 3 0.053 2 0.218 9 0.048 0 0.102 0 0.019 0
12 4% 60 JoE 0.688 8 0.048 4 0.213 6 0.040 0 0.104 1 0.028 1
K 1.090 8 0.077 7 0.300 7 0.044 8 0.161 3 0.028 1
13 4% 80 S5 1.143 4 0.080 8 0.263 5 0.039 6 0.116 7 0.016 8
K 1.9830 0. 067 3 0.509 4 0.023 0 0.2559 0.0156
14 4% 124 45 1.388 5 0.045 7 0.387 4 0.0347 0.213 5 0.023 3
S Khl 1.179 8 0.044 1 0.373 4 0.0325 0.170 3 0.017 9
15 4% 82 S5 1.203 6 0.046 5 0.356 5 0.038 0 0.1950 0.0132
K 1.2238 0.041 4 0.2819 0.026 9 0.1351 0.014 2
16 4% 7 45 0.775 6 0.054 5 0.228 9 0.0311 0.119 4 0.011 5
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Tab.3 Theoretical calculation results
of 16 high-rise buildings

Y B — B iRE T/s TR T/s
G /m KAl i Khh Pl
1# 101 2.31 2.20 0. 67 0.55
2 K 48 1.09 1.29 0.27 0.34
3 58 1.42 1.35 0.37 0.41
4 1 100 1.92 1.93 0.43 0.52
5 # 120 2.02 2. 66 0.58 0.72
6 # 100 2. 06 2.29 0.54 0.51
7 # 69 0.71 1.43 0.21 0.32
8 M 92 1.17 1.31 0.34 0.35
9 ¥ 58 1.51 1.31 0.4 0.37
10 #; 50 1. 47 1.07 0.46 0.27
11 B 52 1.32 1.47 0.44 0.32
12 # 60 0.91 0.78 0.24 0.22
13 # 80 1.69 1.79 0.47 0.51
14 #; 124 1.73 2.76 0.5 0. 69
15 #; 82 1.54 1.88 0.44 0.47
16 #; 72 1.42 2.09 0.4 0.5
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Fig. 1 Regression relationship between layers and period
along long axis (a) and short axis (b) of Vibration Mode 1

of high-rise buildings by actual measurement in Kunming
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Fig. 2 Regression relationship between layers and
period along long axis (a) and short axis (b)
of Vibration Mode 2 of high-rise buildings

by actual measurement in Kunming
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Tab.4 Natural vibration period comparison between actual measurement and simulation
of Vibration Mode 1 —3 of 16 high-rise buildings in Kunming

fei - —BiRE T/s “HHRM T/s R T/s
G e L 2 (%) S L i (%) S 15 i (%)
K& 1534 1. 551 ~1.10 0. 405 0. 403 0.46 0. 187 0.202 ~8.09
UV w1329 1.302 1.98 0.397 0.371 6.72 0.194 0.191 1.80
K& 0.653 0. 676 ~3.59 0.220 0.212 3.43 0. 109 0. 074 32.36
2B mE 0,608 0. 665 -9.46 0.231 0.208 10.06 0.108 0.079 27.58
K4 0.878 0.790 10.00 0.300 0.240 20.16 - 0.098
3 mm 0864 0.785 9.11 0.298 0.238 20.13 - 0.100
K& 1s21 1. 551 ~2.03 0.387 0. 403 —4.16 0.188 0.202 ~7.46
A e Lama 1.302 11.68 0.373 0.371 0.51 0.181 0.191 _5.42
K& 1862 1.473 20. 89 0. 487 0.388 20. 40 0.246 0. 194 21.28
SH g 1470 1. 262 14.09 0. 450 0.361 19.85 0.248 0. 184 25.98
KA 1.417 1. 551 ~9.52 0.363 0. 403 ~1.23 0183 0.202 ~10.03
6% mm 1103 1.302 ~18.03  0.330 0.371 ~12.5  0.163 0.191 ~17.02
K& 1015 0.972 4.15 0.280 0.281 ~0.43 0. 131 0. 130 1.2
T mm 0,795 0. 944 -18.68  0.236 0.279 ~18.33 0122 0.128 —4.94
k#1655 1.328 19.77 0. 412 0.358 13.18 0. 196 0.178 9.05
8HE mm 1,520 1.183 .18 0.452 0.340 24.77 0.222 0.170 23.68
K# 0.761 0.877 ~15.19  0.224 0.260 ~16.02  0.104 0.114 —9.32
OB mE 0864 0. 864 0.00 0.240 0.259 ~7.89 0.118 0.114 3.49
K& 0.675 0.750 1112 0.257 0.230 10. 60 0.116 0. 090 2.3
08 yom 0,758 0.745 1.74 0.212 0.228 ~7.60 0. 121 0. 093 23.55
K& 0.685 0.712 —4.05 0.177 0.221 —24.83  0.09 0. 082 14,44
UH w0719 0.705 1.96 0.200 0.218 ~8.80 0.095 0. 086 10.38
K& 0.773 1. 024 -32.45  0.219 0.293 372 0.102 0.138 -35.10
28 gmn 0,689 0.984 _42.83  0.214 0.289 -35.35  0.104 0. 135 -29.20
K& 1091 1.079 1.10 0.301 0.305 -1.33 0. 161 0. 146 9. 61
BH w1143 1.024 1048 0. 264 0.299 ~13.50  0.117 0. 142 -21.25
K4 1.983 2.350 ~18.50  0.509 0. 556 -9.15 0. 256 0.266 -3.87
W e 1389 1.621 ~16.72  0.387 0. 452 ~16.75  0.214 0.247 ~15.46
K& 1.180 1.136 3.69 0.373 0.317 15.06 0. 170 0. 154 9. 69
5% e 1204 1.063 11.65 0.357 0.310 13.18 0.195 0. 149 23.85
KA 1224 0.972 20. 54 0.282 0.281 0.25 0.135 0. 130 3.92
168 wm 0776 0. 944 2171 0.229 0.279 _21.84  0.119 0.128 -6.78
W ‘T hERAN.

(3) 25 12 Hhm RS — 258 = IR AU
W R R A B - 35% ~45% WiRZE, E
ZURN AT REIEER 12 HRm RS IEAC L T T3
B TBZH %, PFrUAmAJr i RIEEECR, B4
BAT BR BT A DT WU, MBS TR 4R
R, AP 1.33 s BOVE—RE, TaE
RIERAH ., SR A, SEORERK.
MY 3 BUSTHA A RS RIS — 2 ik

MK, A@rm g AR MEZLE 4 ~5;
BHIAZ (23) ~(26),
Al
Kil: T, =0.03818 +0.6599 (R* =0.3516), (23)
kgl T, =0.06458 +0.2746 (R =0.5806). (24)
IR,
K. T, =0.00958 +0.2085 (R* =0.2749), (25)
Kl T, =0.01598 +0.0839 (R* =0.5635). (26)
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Fig.4 Regression relationship between layers and period
along long axis (a) and short axis (b) of Vibration
Mode 1 of high-rise buildings by theoretical

calculation in Kunming
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Fig. 5 Regression relationship between layers and period
along long axis (a) and short axis (b) of Vibration
Mode 2 of high —rise buildings by theoretical

calculation in Kunming
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Tab. 5 Natural vibration period comparison between theoretical calculation and

simulation of Vibration Mode 1 -3 of 16 high-rise buildings in Kunming

— Wi 1 — BRI T/
SPEE B
v A Bl Wi (%) FAHA Bl hiz (%)
KAl 2.31 1.764 8 -23.60 0. 67 0.484 0 -27.76
145 S 2.20 2.145 1 -2.50 0.55 0.5450 -0.91
Kl 1.09 1.155 2 5.98 0.27 0.3320 22.96
2 sk 1.29 1.113 1 -13.71 0.34 0.290 6 -14.53
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—EER T/s iR T/s
HADH S Bhr - N s N
Bl L iz (%) Bl LN i (%)
Ko 142 1.269 5 ~10.60 0.37 0.360 5 —2.57
3 4 s 1.35 1.306 6 -3.21 0.41 0.338 3 ~17.49
K 192 1.764 8 ~8.08 0.43 0.484 0 12.56
4 B st 193 2.141'5 11.15 0.52 0.545 0 4.81
Ko 2.2 1.726 7 ~14.52 0.58 0.474 5 ~18.19
5 4 s 2.66 2,080 6 ~21.78 0.72 0.529 1 -26.51
Ko 2.06 1.764 8 ~14.33 0. 54 0.484 0 -10.37
6 # fiitah 2.29 2.1451 -6.38 0.51 0.545 0 6.83
KA 0.71 1.4219 100. 27 0.21 0.398 5 89.76
7 Hi sl 143 1.564 6 9.41 0.32 0.401 9 25.59
Ko 117 1.650 5 4,07 0.34 0.455 5 33.97
8 st 1.31 1.9516 48.98 0.35 0.493 7 4.0
Ko 1.51 1.345 7 ~10.88 0.4 0.379'5 -5.13
9 sl 1.31 14356 9.59 0.37 0.370 1 0.03
Kl 147 1.2314 ~16.23 0. 46 0.351 0 -23.70
10 % s 107 1.242 1 16.08 0.27 0.32 4 19.41
Ko 132 1.193 3 ~9.60 0. 44 0.341'5 ~22.39
11 4% siitah 1.47 1.177°6 ~19.89 0.32 0.306 5 —4.22
Ko 0.91 1.460 0 60. 44 0. 24 0. 408 0 70.00
12 4 s 0.78 1.629 1 108. 86 0.22 0.417 8 89.91
Ko 1.69 1.498 1 ~11.36 0.47 0.417°5 Z11.17
13 4% sl 1.79 1.693 6 -5.39 0.51 0.433 7 ~14.96
Ko .73 2,661 1 -3.58 0.5 0.560 0 12.00
14 4 s 2.76 0.408 1 -85.21 0.69 0.6722 ~2.58
K 1. 54 1.536 2 ~0.25 0.44 0.427 0 ~2.95
15 % sl 1.88 1.758 1 ~6.48 0.47 0.449 6 —4.34
Kl 142 14219 0.13 0.4 0.398 5 ~0.38
16 s 2.09 1.564 6 _25.14 0.5 0.401 9 ~19.62
3.4 ZUFMEBRITELERS THRAEAITTE S R LW R K 4% . %

MR 6 X LLEERE, 16 i ZENGEME SR TTHE M R RO A AP RR Bit A A 4
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Tab. 6 Natural vibration period comparison between actual measurement

and theoretical calculation of 16 high-rise buildings in Kunming

g . — B iRA T, /s ZHERRI T, /s —Br iR b 1772
o FiBE/m EiE o N o N . .
T S HH S 1 R R
K hl 1.53 2.31 0.41 0.67 0.51 0.65
18 101.2
il 1.33 2.20 0. 40 0.55 0. 66 0.38
KAl 0. 65 1.29 0.22 0.34 0.98 0.55
2 i 47.5
Kitaly 0. 61 1.09 0.23 0.27 0.79 0.17
K hl 0. 88 1.42 0.30 0.37 0.62 0.23
3 66

S %h 0. 86 1.35 0.30 0.41 0. 56 0.38
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Actual Measurement and Statistic Analysis of Ambient Vibration
Characteristics of the High-rise ( Skyscraper)
Buildings in Kunming

Fei Ming-lun, Zhou Guang-quan, Lu Yong-kun, Yang Shu-ming, Dai Bo-yang
( Earthquake Administrator of Yunnan Province, Kunming 650224, Yunnan, China)

Abstract

Having observed and analyzed the vibration characteristics (including inherent frequency, mode and damp-
ing ratio) of 16 typical reinforced concrete high-rise buildings in Kunming, and studied the numerical simulation
of the seismic response, we obtain Vibration Mode 1 -3 and structure of high-rise buildings, and calculate the
natural vibration period of Vibration Mode 1 — 2. Using linear regression methods, we obtain the stimulant formu-
la of the actual measuring of Vibration Mode 1 —3 and the theoretical calculating of Vibration Mode 1 —2 of high-
rise (skyscraper) buildings in Kunming by simulation, which provides experience and basis for the design of
similar building structure.

Key words: high-rise (skyscraper) building; natural vibration period; damping ratio; mathematical re-

gression simulation



