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Fig.1 Local section of a building (unit: m)
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Fig.2 Cantilever floor plan (unit: mm)
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Fig.3 Cantilever floor construction site

x1 BRESHESH

Tab.1 Parameters of cantilever floor members

1 A ALK /mm B A &

GL3  H1000X350X20x24  MREEHIE HEmks
GL4  B1000X400X20%X24  HIEMEE  Hmx g
GL5  B1000X400X20%X24  MHIEME  Hem 3
SC2 P 245X 8.0 HAELTCEE KO

®2 BHUBEIHMRRSR

Tab.2 Cantilevered floor main truss system

¥ AR ALAE /mm
RYis B 300X 300X 14X 14
%7 g B 1000 X400 X 20 X 24
R PRAT AL L AT B 1000 X 600 X 40 <40
PRI IE AT B 700 X 600 X 50 X 50
Ja& 18 S P 351X8.0

R3 VRERTEBENERSY
Tab.3 Model parameters of the initial finite ele-

ment model

ORHRE
L RTvE ¥ P AR A/ R/ .
. ., AN L
(Nemm ) (kgem )
Shell181 3.15x10" 2 550 0.2
Beam188 2X 10" 7 850 0.3
Link180 210" 7 850 0.3

EPRHTEEIZAT

- T e e

A

SRCHE:
B4 BBk pE 350 Un A B oG L (A Y

Fig.4 Finite element integral model of cantilever floor
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Tab.4 Parameter comparison before and after up-

dated
AR 1% 5L P A/ . N
BOE T ML PYE )
(Nemm )
1& IE T 3.15x 10" Uxyz + Rotxy
Uxy+Rotxy+COM-
B 2.52% 10" T Rony
BIN14(Uz)
1.4 RESH
141 A RGAE T H—

P FER% A B 7 —J& R H Mass21 B 5 300k:
B, R, 3T R — IR A A ar ik s
IE B, XA 35 HEA TR AT , B B IO 56 T A b
FIPRA . FR TR R A BR ECAY AT 4 Bk A dn & S fip
LRI 4 B R 5k 2.80 ,3.02 ,3.54 F14.29 Hz,

£=2.80 Hz £=3.02 Hz

(b) 2R

(b) Second-order mode

@) BRDEE
(a) First-order mode

£=3.54Hz

© B RABS (&) FAIAHE
(c) Third-order mode (d) Fourth-order mode

KIS J7ik— Xt LAY R 4 B A 4R B 2= ]

First 4 order modal shapes of method one

f=4.29 Hz

Fig.5
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4 T JEE BT BRIk A A oy 35 1) T ST A SR
Mass21 ¥JG, 7 2, 3 )29 1 F 3% 45 3% #% Combinl4
BATT, B ) S R KRR B R 1 m, B K Y
16 m, BEALBE B A i 09 & o b, B0 A hE 0
i 200 kg/m”, B R K O 63 m, 58 200 mm
(5 B 389 01 20, TR O DL A5 40 — A L — Y 3
), o8 16 m, TF 58 55 5% 09 5 R 8O 3 200 kg/
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1k, B B KSR E R 1015 . £ 5 B T AR
JEE B 7 A A% 5 0005 HERE BB UL 6, FA
P A8 W B R 2.21 < 10° kn/m BT X5} 107 4 8% 35 (9 1T
A PRI VL 7, A RS 0 AR O T LA A
BT 4 B 3303 40 3 6 BT o
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Fig.6 Finite element model including mass and springs

representing glass curtain wall
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Tab.5 Frequency of floor corresponding to differ-

ent stiffness values Hz
BN E/ (knem )
%5 0 2.21% 2.21% 221X 2.21X
10° 10° 107 10

2.801 2.802 2.803 2.811 2.822
3.015 3.015 3.017 3.028 3.041
3.543 3.544 3.547 3.564 3.582
4.289 4.289 4.294 4.318 4.343

=~ w =

£=3.04 Hz

(@ %lm?ﬁﬂé—é

(a) First-order mode

—

) EEEES

(b) Second-order mode

f£=3.58Hz f=434Hz

© EWEREE @ FAREES
(¢) Third-order mode (d) Fourth-order mode

FI7 50k Z X A B 4 B A 24k A 2= ]
Fig.7 First 4 order modal shapes of method two

F6 HMAEIBETEINMAEEME
Tab.6 Floor frequency corresponding to existing

curtain wall treatment methods

- ‘ %ﬁﬁﬂwﬁ?ﬁ/m‘ ‘
Tkl k2
1 2.80 2.82
2 3.02 3.04
3 3.54 3.58
4 4.29 4.34

2 SEEENBEESTIN
21 MARBMNFE

SR PR 58 S0l 12 D0 3R 77 0 AR TR 58 TR
PRBE o OB o R ) PR b AR R
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M, IR I EFDD 535 SR 476 F o 8 18 56 100 o
i . 25 EEREUELERSH
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& 10, FE 7, BAT e i b B 5 i — AR B RE 55 1 B A3

2.80 Hz, 51356 1 B 45 K 3.36 Hz iR 22 M 16.67% .
PR T itk b 38 vk TR G S0 B ) BT R L
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236 5 001 oy PESE 1B A% 2.82 Hz A L F 07 i — 5 il e 45 L it
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= 03 2006 e 4 2 16.07 %6 , Wi Fh J7 45 3 Eﬁﬁ%ﬁ@;ﬁ?m%%ﬂ%ﬂ
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WL E B Bk, L il 1) e L5 AN B AR 18 1) W EE , 55 4B
2 FN 3 J2 ik Pk vty B 22 18] 8 R i Ak (UL B 12) A7 AE 52
Wi T B RO o PRI i RO MO S R R R X
P 25 A2 I 5 ) S AN 4 THT 1, I 2% R il 2 BRRLY
X AT BR T AT OE

RT KMBESESIWER

Tab.7 Analysis results of measured floor modes

B % MM/ He BB/ % e AL R

= w Do =

*8 HEAEBREFESZNIREI L
Tab.8 Comparison of existing curtain wall treat-

ment methods with measured frequencies

P B /Hz

K10 R R AR T S e aw we v wE

Fig.10 Experimental mode shapes 1 5 80 5 99 336 16.67 16.07

RN R PR R T AR R AR 2 302 304 413 2688 2639
] 19 T 42 P, LA F 45245 43 B 245 35 10 R 250 3. 354 358 523 3231 3155
B X TR A Hofl T R A EARAR o R 1B 11T 4 429 434 663 3529 5454
R T S o A 2 SR TR

3 ARBEXNARITHEBEIEIE

ol { A, 6 A FROCAE BB IE 5 24038 X 1 57 2%
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S~ _{ I o A 25 ¥ g 47 SR Y 3L 58 R BT 5 B T R AT A5 g AL
L( =D-Iil- 6 1 DL WK B S 50 E 1) 9 24
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Fig.11 Verification of modal correlation matrix FOk S BB L) AN ) vk, HE TS R R S S
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Fig.12 Field diagram
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Fig.13 Elevation sketch
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100 % 18 K 2 500 L B AT i, A BR oo 5 52 3% 22 A
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500 fis i, A5 BIR 0 25401 3 Sy 5 38 56 WU 3K 14 AT 6 B AH
PR 2 Bl R 2 0.3%, 1.69%, 1.53%, 4.22%,

1.07% F2.77% 5 6 Br-F-34 1R 25 4 1.93% 1 2 I
IS5 HE B 10 BT 2 A, ELAR L) A B i, e U
T 4 B 48 750 6] L U T 145 38 K 600 22 64 2 1 000 4%
Z[B), FRAS B AROR T R 25 /N W R B L AR E A
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Tab.9 The frequency corresponding to the elastic modulus of suspension column with different series of finite el-

ement method is compared with the experimental frequency

. R A BRICAS [RGB AT A 1 249 R

(518 ) , . ; /
AR /Hz, 110 5% 107 6 10* 7X 107 8 X 10 9Xx 10* 1X10°

1 3.36 3.30 3.37 3.45 3.46 3.46 3.47 3.47

2 4.13 3.76 4.06 4.08 4.10 4.11 4.12 4.13

3 5.23 4.64 5.15 5.18 5.21 5.23 5.25 5.26

4 6.63 5.70 6.35 6.39 6.43 6.45 6.47 6.49

5 7.38 6.85 7.46 7.50 7.54 7.56 7.58 7.59

6 8.08 7.86 8.31 8.34 8.36 8.38 8.39 8.40
BRI R 22/ % 1.8~14.03  0.3~4.22  0.96~3.62 0.38~3.35 0~3.58 0.24~3.69 0~3.81
IR % 7.69 1.93 2.27 2.08 2.01 2.09 2.07

K14 A RITS R IRAX]
Fig.14 Comparison of finite element and experimental

modes
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Influence of Curtain Wall on Vibration Mode of Cantilevered Floor and

Equivalent Simulation Method

ZHU Qiankun', LIU Kaifang1 , RUIJia®, ZHANG Jutao®*, DU Y(mgfeng'
(1. Institute of Earthquake Protection and Disaster Mitigation, L.anzhou University of Technology Lanzhou, 730050, China)
(2. Gansu Institute of Architectural Design  Lanzhou, 730030, China)

Abstract Taking the cantilevered floor of a gymnasium as the analysis object, the influence of the constraint
stiffness of curtain wall on the vibration mode of the floor is studied by numerical simulation and field test. First,
the field modal test of the cantilevered floor (including the curtain wall) of the gymnasium is carried out, The
stochastic subspace identification approach is used to fit the test data and obtain the vibration mode of the floor
under the ambient excitation. Secondly, the experimental mode is compared with the results of finite element
simulation, and the finite element model is modified according to the test mode and an equivalent simulation
method of curtain wall. The results show that the relative error between the first six frequencies of the measured
floor and the first six frequencies of the finite element is less than 5%, the average error of each order is less than
2%, and the mode coincidence is agree well, it is further verified that the support system with high strength
such as cantilevered floor contributes to the constraint stiffness of curtain wall and the rationality of an equivalent

simulation method.

Keywords curtain wall; cantilevered floor; vibration mode; equivalent simulation; constraint effect

Surrounding Rock Stability Monitoring Based on Cusp Catastrophe
Theory and MWMPE

ZHANG Jianwei', LI Xiangrui', YAN Peng”, WANG Yong’
(1. School of Water Resources, North China University of Water Resources and Electric Power  Zhengzhou, 450046, China)
(2. Key Laboratory of Hydraulic and Rock Mechanics of the Ministry of Education, Wuhan University Wuhan, 430072, China)

(3. Pearl River Water Conservancy Research Institute of Pearl River Water Resources Commission ~ Guangzhou, 510635, China)

Abstract In order to monitor the surrounding rock operation of underground powerhouse of hydropower station
in real time, a monitoring method combining cusp catastrophe theory with multi-channel weighted multi-scale
permutation entropy (MWMPE) is proposed. Firstly, combined with the deformation monitoring data of under-
ground powerhouse of a hydropower station, the daily average displacement in different time periods is taken as
a series of special solutions, and the nonlinear dynamic model is obtained by inversion; secondly, the cusp catas-
trophe theory is used to establish the cusp catastrophe model of surrounding rock deformation rate, and the sta-
bility criterion of surrounding rock is proposed; The deformation range of surrounding rock is determined by the
fusion of MWMPE and deformation information; Finally, by comparing the change of entropy after fusion with
the traditional multi-scale permutation entropy (MPE) method, a new stability early warning line is proposed to
monitor and warn the surrounding rock on-line. The results show that the method can effectively extract the de-
formation characteristic value of surrounding rock of underground powerhouse, and conduct on-line safety moni-
toring of surrounding rock according to the real-time MWMPE value, which provides a new idea for the sur-

rounding rock of underground powerhouse and other structures to maintain safety and stability.
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