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Abstract: To evaluate the damage degree of reticulated shell structures under 3D seismic action,

s B #5:2023-11-25
FE—EHEE A WA 1996 ), B, W) m A LB A WF 98 05 W Rk 3 S AFSE . E-mail: 1368960034 @ qg.com
BEEE N MA997—) ., T W R T50  A80 -, EEAFSE D5 1 R 45 M 3 S FSE . E-mail : liuxiang5511@163.com ,



AT % 2

two typical failure characteristics of these structures were analyzed using the incremental dynamic
analysis method. By modifying relevant parameters in the formula of the Park-Ang seismic dam-
age model, a damage assessment criterion was developed, incorporating two dynamic response in-
dexes: structural deformation and energy. Moreover, damage performance levels corresponding
to various failure states of reticulated shell structures were proposed. Results indicate that the
failures of reticulated shell structures can be classified into dynamic strength failure and dynamic
instability failure. The modified Park-Ang seismic damage model effectively evaluates the damage
degree for these failure modes, with the damage value converging to 1.00 and exhibiting minimal
dispersion. The damage degree of reticulated shell structures can be categorized into five levels:
basically intact, slight damage, moderate damage, severe damage, and collapse, with corre-
sponding damage limits of 0, 0.15, 0.65, and 1.00, respectively. Finally, by verifying the model
with four different types of seismic waves that satisfy the specification, the modified Park-Ang seismic
damage model effectively accounts for the coupling effect of displacement and energy consumption, pro-
viding a more accurate assessment of the overall damage to reticulated shell structures.

Keywords: reticulated shell structure; seismic damage model; damage assessment; performance level

WK L 1 [ 5 4 R AR IE (96 IF Park-Ang iR 3505 VR4 B 5T 469

0 3§

S FAL SR T B A T ) 45 R 7 1 8 5
FEAE I 23 3 30 LU I o R ™ i i B B AL . PR
YR B 25 R L R B B 2 ) I 56 25 4 1 4
PER TG DR I T 5 K A T o A 4 405 BB T
fh R S TR FT A RGEET . A B R ep 2
— 7% [R 25 K A0 RS e 7 8 B 58 (0 o 4 1 98 1 RE e 4
T Sl ST 1 453473 A5 TR AN R A g b A R 5 4 B PR 051 T
/SRR G i R E 0K TS R A LN RS S
HEREREHC T ZNH T2k R.
Park-Ang H = 5 475 155 78 G 0% 1 B M 45+ Ji 45 3 7
HRE R S AR RRE R A R Y E A R AR O
P 1 AR B B 1) 400 5 4 BSOS D 2 A A 4 4 1E
s K o AE AR P 58 4 38 405 I6E 1A A5 2 A B 05 (ka1
PO HLE (i KAH . N B L 58 Park-Ang Hi 72 5
PR TY B) e A5, AH G 2 Al T i £ #b %5 J) : Chai
SR DM 5 B A R BURE BRI Y 4 R 2k T B
TR (Y AE REAEL , 6T 453 475 50 80 9 4748 1F L) S B 46 5
FEESLT 1.05)iang SV B iE T 416 R BEUE LU
LB Park-Ang B8 I F FOR WS 8 T 4R
Fh AR R 2 AR 4R A AR S B b 2
{2 (1 S5 B B RE B o A5 122 5 40 55 80 1 g S5k A5 3
W0 5 AR SCRUAEN I D G Y 0 00 B L L R A AR B
U5 v RS I S W), ST T IE FH T AR A 1 LS 4L
b R B AR AR A5 S0 A 4 1) A RORE BB X B
Pk B R4 7 ik L 2 B8 T AN [ e (B4 T 4 1 i Il
FERE H 1A BB RE L1 s Ghosh 2521 0 25 340 B0 1l
JE R 22 BEIE FIl Park-Ang XS B 71 28 4 ik 453 4

BERY, I N FH A i 3 25 4 0 5 b 1) i R AT X
Park-Ang SRR AT & IE, 0F 5% T H T RCS IR A&
HE Z8 7 Hb 52 R 09 453 005 18 B0 s i DG 2 S R 2 &
T BT Park-Ang 45 BB 5 Y 1 WS B
Y A5 3 5 55 AN 6] 453 45 A4 BE 0 % 17 43 45 4 £33
Bl o 3o S i 477 455 70030 5 1 FH T TR 66 - 485 4 sl A 1Y
e TE X G A FH B D X T A 4 S AR ) A St
5] REATS A A 4k S B 5T, LA 2 A 8 8 % T 9 ) el 4%
IR S5 HE SO AT R

ARSI T AL 58 Park-Ang M52 #5345 B8, £ XF
AN WS ) R, o i 475 455 78 e 67 B8 30T 5 R R 0T T 2
BT AE I X5 451 5 185 78 0 3 9 21 6 3 B[ i
TG . 3 th 738 H T M 52 45 8 19 45 IE Park-Ang
Hb R AL Y, 3E I B S I E 6 R T A LA R AL
158 2T 6 0 76 25 44 40 405 18 14 A7 40 A, BE T MR B K T
R 53 HE D], 46 10 9 52 45 7 76 AN [6] 2R S80I 3SR By 458 4
FRECEE . BG4S G a5 3 Jym e R,
Bk 718 1E Park-Ang b 52 i 45 852 21 i) 3 FH M &
PR

1 MWFELEH#EIE Park-Ang 1 {5 # 5

L1 HBGREEE

48 Park-Ang i FR BRI A 508 -
6'{!! + JdE
5. PEes,

S Dy MRG0 A M P 19 e KA 3
B 50, 0 M VIR T P b B T i B ;jdE L

ey

D Park-Ang ——



470 oo

=

T B ¥ i

2025 4

R IR RE s Fy 0 A 84 i i1y 285 8 0 2% TE R 35
FF R MTBE A R H & R B 3K

XAEGE Park-Ang B & TE 45 552 0 1E 5 1) 4
Kumar 5557 H TR 4 (9 18 BE 1+ 44 74 1056 45 2R 153 2
8057 # T3T 55 A8 BE J0T 14 48 1E 4SS 7Y, 32 48 1 RS R[] i 2%
JE TR PR A T IR B B 7 B 55 R RE 192 R L OF BB
B A R BT A SRR ORI R R
RLRIR N

N
J 8 —8 ¢
D xumar = (1 — 1) ( - yj +
: 1 Z} 8, — 08,

N E ¢
ﬁlZ(Qy(Bu—&JJ @

X E, S AR R B 0., W Ak
PEER 7 2 B B R AL 5 N Ay il [ Pl 255 N, Ol 55— I
IKEN o, Wy 10 B B P B Q, A Al 1 B4 T AR A 285 8
HIEFREL

S5 G WL TN 45 AL B 5 R B AE IE T AR
M b 1 % {E i 3 B (Peak Ground Acceleration,
PGA) B/, W72 4548 4b T 26 3k TAE B B, R 2
Fa 1 20 57 # oA 3K 3 Jet Al 2 % =2 15 o 450 0 A8 2 v oS
JE AT T4 52 0, A DN RE HE 1Y ) BE 25 I I 5E 45 4 1Y
Piti. 4 PGA B K, M Fe 45t iy e RO T
e A ASE B B DU) 2% 45 473 5 Y v ) 7 8 30T 45 RE T
AL RS2 . 453 5 A5 80 TR AR RE T E S H 9 5 45 # 78
SR B BE b Y AR SRR AE 5 M R AR s
FERELR, (d.—d,)]Z b, X W 5245 ¥ 4& 1IE Park-
Ang BRI B2 & R BORME ST L5 0 e B B S
R 4L P 5 B e TR =R

De=1—B) L =4 JdEK

d,—d, R,(d,—d)
d, d,<dy
dw (dn,>d,)

XD A ES 880G B e B4 & 28U 5
d. NEEK I ER SN TR s R, O 9 5 Jet A R 2]
d ., HEATEFRECT BIRBROI RS 5 d , 85 K 7E i B4
T B JE IRALES L SR HISCHRC26 ] b 05 i gE AT 5

A SCHE UL RURE B KNS BRI M 7 25 4, an el 1
Ji7s . 25 BRI FE S B 430 9 40 m 45 m\50 m, KB
FEa e Ok 1/7.1/6 \1/5 (1/4 (1/3, fi R 0.5
kN/m® , 8 1 2 504 %) 4 @121 mm X 4 mm, ®114
mmX4.5 mm.®102 mm X5 mm.P95 mm 5.5 mm,
BELJE L h0.02 . Jil i S A8 S [ 7 3 249 SR A9 i 44 < K 2
T RS LG BTN S0 5 BRI 2 9 R ET-Centro

3

ERT 20 s, BFE]TEIBR 0.02 s, i i 53 i ik 4 il 4 4% 1R
X:Y:Z=1:0.85:0.65FFrHE®H A HP X Y. Z
O3RN MR I B R AL F) AR PG 1) L B A SR

(b) DIHLI

(a) MERLE
A1l MesmEdA
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Fig.2 Acceleration time history curve of El-Centro wave
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under different amplitudes
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example K36-50-1/7
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Table 3  Acceleration amplitudes of four seismic waves

Gy HO 7 4 PeA
KPR mdbE B
1 AR71058-1 0.036 0.036 0.036
2 AR71058-2 0.038 0.038 0.038
3 AOMHO05240002 0.165 0.139 0.041
4 CHB011072023 0.0461 0.034 0.011
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Fig.20  Acceleration time history and frequency spectrum of natural waves and artificial
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Fig.22 Dynamic responses and damage curves under four different waves (Example K36-50-1/7)
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