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Abstract: In order to study the seismic performance of a well tower structure with transferring truss
under rare earthquakes, the static and dynamic elastoplastic analyses of a well tower structure with
transferring truss were carried out by using PERFORM-3D, PKPM / SATWE and SAP2000 soft-
ware. The seismic response and failure mechanism of the structure and its key members before and af-
ter columns removal were studied. The story displacement angle, base shear, top displacement, and

plastic state process of the structure under rare earthquakes were obtained, and the internal force

* W FE HEA:2021-04-07; & Bl H 8§ : 2021-06-04
ES T FHRARPAIESTH (51578449) % B)
EE B N ERE1980—), I3 MIZUR, . EE NS @ IR AR 45 b 845 20 R A
E-mail: 39695465@qq.com

1294



changes and failure conditions of the transfer truss, frame column, frame beam, coupling beam and
shear wall were obtained. The results show that: under the rare earthquakes, the dynamic characteris-
tics of the structure after columns removal change little, the overall structure has good seismic perfor-
mance, the maximum inter story displacement angle is 4.4 %, , which meets the requirements of the
code; the base shear force after the columns removal is reduced compared with that before the col-
umns removal, but the structural stiffness meets the requirements; the vertex displacement after the
columns removal is slightly larger than that before the columns removal, proving the overall stability
of the structure despite the stiffness is slightly reduced; the yield mechanism is basically the same as
the original structure after columns removal; the bending, shear and axial deformation of the transfer
truss do not enter the basic operation state, showing good seismic performance; the shear capacity uti-
lization rate of the frame beam and coupling beam section changes little, and the maximum shear ca-
pacity utilization rate of the frame column section increases, but it is still in the safe range, and will
not produce shear brittle fracture. It is suggested that the thickness of the shear wall should be reduced
to improve the utilization ratio of shear capacity; the fiber strain of the buttress column of the shear
wall changes after columns removal, and the maximum tensile strain is less than the ultimate tensile
strain of the reinforcement, the maximum value of the reinforcement does not yield seriously, and the
maximum compressive strain is less than the ultimate compressive strain of concrete.

Keywords: well tower; column removal; transfer structure; seismic performance; elastoplastic
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Table 1 Seismic acceleration records used in this paper
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Fig.4d Seismic wave acceleration time-history curve used in

this paper
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Table 2 Comparison of the calculated results of the first

three-order natural vibration period
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Table.3 Comparison of base shear force between time history analysis, push-over analysis and spectrum analysis

b= (X ) F R A) PUSH OVER(8 = f1) 20 1%
A3 M T
El Centro Northridge Artificial Wave ¥J{H PUSH-X PUSH-Y SPEC-X SPEC-Y
MWAERT 18 388 15210 15 290 16 290 24 844 — 21183 —
X HhAEE S 16730 15 980 15 180 15963 22960 — 21087 —
% — — — 2% 7.5% — 0.45% —
SENEHY J) /KN -
HAERT 20 465 19 280 16 380 18 708 — 23174 — 21 359
Y kA 19320 18 390 14 290 17 333 — 20 449 — 21223
¥4 i — — — 7.3% — 11.7% — 0.64%
B a6 2 343 M X B R AT Ak B IE A S Y 3k 050
JIC B I3 JL-F- 4B/ F 4l AE 5 p9 JE 8 7, 1 B B il ool
S 4G+ W R /)N B DL XOR Y O Te) 14 e R BY
YA T T W L I 25 1 15 T ) 0k % R 9 5 3 "
— 3 X FEIR BT SRR R 2%, Y 1 R 5 1 R iR A
R 7.3% , 0] LUIAS R HhAE S XS Y 1a) W R A 52 e R -0.20t
Tk X 1m) W EE B 52
FIEAERIRE AT, X 1a] AL IR BY S8k 24 844 kN, 030
KFAEFEME T 07538 57 118 16 296 kN; Y 020}
[) B4 32 J5E Jm AR B {8 R 23 174 kN, K T 78 8 #h 72 010}
V- L B J1{H 18 708 KN, 7T LA S H: H-85 76 il L sy
B 4 B0 0 B M 5 e SR B
HIEFEM A G, X a5 8 R 5 I {E k22 020t tls
o< s o (b) XAEHFEN Y
960 kN, K F7E 8 M 7= T 1) F IR 57 J1{H 15
963 kN3 Y 161 9 5 J IR 99 7 {8 20 449 kN, K F S T e e
16 57 A2 9P B9 HE S 99 7017 333 kN T LA ¢ G AR
A HE B A il A S 4 e R N A i A SR Ll ) YA
-0.10F
53 TMEfM® o
A SC UG S5 F4 T 5 A A R (24,0, 96.5) , 76 5 i 039"
Mo AR R 000 67 8% e A fh 26 an 1 9 T s
yi 8 S ke e = —— W HRI-EL-X —— ik JS-EL-
T A X6 B9 a3 AT RT A R A A R _““g%%ﬁi_“ﬁggﬁg
FERF AR B TS A B /N Tl A S T | T WEEBI-AR-X == #iAE/5-AR-X

. TS B RAE N El Centro AR R, A X N
FI7 )y A Y 1] B TH0 AL < b A T A T A
I KRAE R 0.240 m, it )5/ 0.249 m, U KT
0.009 m, ¥4 0 > 3.75% , Uk BH 3 A )5 I 5 45 4 48 1A

R AL A K ‘ @ PR
Northridge 3% 1 Artificial Wave 3% 7= 4= # T0 55 0TI R I R
AEFE T /N BN 5 0.20 mts d B T 1 3 25 4 48 A W1

Fig.9 Vertex displacement time history curves

AR

1299



54 EKJERVLE

FEF W MR T, MR U B Ry 220 em/sPHE,
IR A AT A AR S Y R T R A PR
PERE .

FEIELEM AL RIS | AR 2 BN 3 S i A A7 75
ARBATIRAS ARG Ok 2 1 % R kA 25 A2
TR ¥ 4 4 G2 20 7 1E N A iy 42 4 32 30 151 35 IR
Ao TE G R e A0 HE A A SRS AT
A i 2 A RS BY T 8 HE B R R A AT 4R 4R ¢ Ab
TR IBITIRE . A M8 B A Z 5 24
J R

AH [) Hb 2% 0 AT A T S N SR XA
18] FC AR R B T 1.0 s Z8 47, 45 R A 0 A 8 MR 25
) G H A > T AT S L AH A S8 IR S A HE 42
01 B S AR — B,

A 5 T 3 IS 2 A R A A AR A ok 1Y
fap 28, R I IR 38 04 A ST TEE A S0 R RS 0 R A SR o
B . WNFE El Centro 3% Y [ iy A K 254 i HAK %
BN AT, =3.16 s B 5 — ML B2 ik A LA IZ 4T

A, 1=20.0 s I 2 B2 30 73 BEASZ T B3R 2 HESR
QPR A i 22 4 AT RN s kLS =222 s,
S — MU R A AR IE AT IR 1=20.0 s, 3 B EH
HE A ST 8] B 0K 2 HE AR R R A A 4 T R
BRE .

55 FEMEERTHERERIE

55.1 #HBAR

1£ El Centro, Northridge , Artificial Wave =
M= A BSE X 4 A TR e 4 T AR 1 AT A
85 7 A O EAT RO, R BMT AR AR R ik A R AR 2 4T
RS, AT LUIA O I B8 il A A% 47 22 A i i 2 K
Eive

T AN T I B MRS . B/O—O
TR AL E R 2 2 B P AR I A A R
MR AT LUE T4 T sx AT 2 2 ol 1,
TE 77 38 b 52 AR FH I a] LU B 2 1% D45, b ay .
P PP B R BE T R, B K WAL A
0.548  [H I % # AT 22 1E 5% 18 3 52 A B4 1) PR
PEfE .

*4 BQO-QTEHZEZ . ZHMRAKIENHE
Table 4 Bearing, shear and tension capacity of lower chord B/Q-®
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Y 744.4 102.7 5240
] X 831.9 108.4 5396
Northridge
Y 761.7 92.4 6 282
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Table 5 Comparison of shear capacity utilization rate of different components under severe earthquakes

. T
SEON — —
a4 El El . i Artificial Artificial
Gl ES ) Northridge-X Northridge-Y HI{HE
Centro-X Centro-Y Wave-X Wave-Y
Fh R T 0.753 0.760 0.738 0.746 0.732 0.730 0.743
HE 248 272
() A S5 0.754 0.760 0.740 0.750 0.733 0.731 0.745
e v
- 4 0.1% 0.0% 0.3% 0.5% 0.1% 0.1% 0.2%
R R 0.406 0.408 0.474 0.458 0.302 0.284 0.389
HEZR A A 0.711 0.656 0.440 0.456 0.371 0.456 0.515
e 75.1% 60.8% —7.2% —0.4% 22.8% 60.6 % 35.3%
AL R 0.464 0.487 0.403 0.403 0.385 0.337 0.413
5 71 5% A5 0.518 0.560 0.466 0.507 0.470 0.446 0.495
4R 11.6% 15.0% 15.6% 25.8% 22.1% 32.3% 20.4%
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Table 6 Comparison analysis of bearing capacity of C/Q in the first floor before and after columns removal
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Y 2 867 3022 54% 250.8 269.2 7.3% 12 740 19 650 54.2%
o X 2533 3317 31.0% 2174  298.3 37.2% 11 880 15 660 31.8%
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Vi 16 000 2 584 70 800
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Table 7 Comparison analysis of bearing capacity of shear wall B/@ in the first floor before and after columns removal

i EHA 55 /(kNem) B J1 /kN
=3 . . [ N . -
77 14 A i A A HE/ % A i s HE/ %
X 25440 28 170 10.7 8 350 11 930 42.9
El Centro
Y 21710 26 090 20.2 8 867 13 090 47.6
X 22 430 22 890 2.1 9 894 13 390 35.3
Northridge
Y 19 430 22 010 13.3 7777 11680 50.2
X 14 720 16 350 11.1 7 945 11670 46.9
Artificial Wave
Y 16 700 16 930 1.4 6978 9875 67.2
Ve 20 071.7 22 073.3 10.0 8301.8 11 939.2 43.8
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Table 8 Comparison analysis of fiber deformation of shear wall B/@ in the first floor before and after columns removal

e~ FhHA e KL AR SN A
WA N N - N N P
75 1] AT A ik WE/ % AT A iR s/ %
X 0.002 0 0.002 0 —2.5 0.000 8 0.000 9 10.0
El Centro
Y 0.001 8 0.001 4 —20.8 0.000 6 0.000 7 24.2
X 0.001 4 0.001 2 —16.5 0.000 6 0.000 6 —2.7
Northridge
Y 0.001 2 0.000 9 —22.7 0.000 5 0.000 6 8.4
X 0.000 8 0.000 6 —23.0 0.000 4 0.000 4 6.7
Artificial Wave
Y 0.001 4 0.001 3 —10.6 0.000 4 0.000 4 —1.3
Eave 0.001 4 0.001 2 —14.6 0.000 6 0.000 6 7.9
€iim 0.0100 0.003 3

TE ¢ e, JRAEAN A Mo 2 H AT 09 BT 3 355 27 20k 78 S AE 5 e, 118 BT 3 350 27 20 A0 07 RS2 0 A PR R, 78

e KL R A S 0.002 /s T 89 57 1 1 BR 4 B AR e =
0.010 0, & B84 i AN 23 & A= ™ H 19 JE IR 5 B e KR
NEAS A5 0.000 9 /TR EE 1 1A BR He b A% e, =0.003 3,
U R B R 29l R R

90 B/ @R JZE 87 ) ik 5 KA i A2 T &, AT LA
AL B/ @R E 3 5 A i A8 P YA I W s AT IR E
VAL AT TR AT S 8 T 5 S 0 2 1 430 R 0.001 56
F10.001 71,38 K 1 9.1% , W5 ¥ 5E 1§ 1 4548 1) & 4>
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Table 9 Maximum bending of shear wall B/@ in the first

floor

- _ %k%ﬂﬂ%ﬁ;/&d _
A i iRV 14 i
El Centro 0.002 38 0.002 60 9.3%
Northridge 0.001 69 0.001 88 11.1%
Artificial Wave 0.000 62 0.000 66 6.9%
0, 0.001 56 0.001 71 9.1%

IEH BT IRE 0.004
FoRAE I 0.390 0.428 9.7%

TR, Wi ES AR KFERED LB ARG
0.428 , 1E T JE R M .

6 % it

S DA AT H S 38 0 PR T R O BT ST X 4
HEAT TS AT A B S50 A

(1) 7E 58 Mo B AE TR, 3l R J5 45 49 1 3 91 4%
PEAFAA K, fe KR B LR £ o 4.4%, , /N T B 3L
FEMH 1%,

(2) 4B 5 X1 R Y Ji) A 35 6 B 7 G 4ih A i 2
A BTN AR RS Y 1 R 1 5 iR K X X R
JIE 11 5 1), 85 4 D 2 i A SR

(3) 4 M J5 A TO0 855 A7 6 WS R il A T ) T 53437
B | E B il AT S 45 4 1 A I B W A I, (H SR AR
RAZ o i IR B 5 5 45 4 A ]

(4) T4 M 205l B 1B 1) A8 0 2 oK 3 A S
ABATRAS, B R A A9 B vk k5 A I A 2R 9

=
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(5) il A 5 5 3 35 B R O 0 59 2R 4800 FI T AR Y

B A1, 8 U0 > 0 /N 5Y 95 IR R B v AT B 5
AE TR R . BY ) 5 PR RE R A AR R T
A AK , B KR A SR 0.002, 7N T8 A By B B 7 107 28
e=0.010 O, 5 fifi A A A= /™ Jit IR, e KR 0 28 2Ry
0.000 9, /N TTR B 1 (9 4% PR 3 25 €,,=~0.003 3.
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