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Fig. 1 Sketch of investigated lump Fig. 2 Free-body diagram for one half-length of element

belonging to investigated lump i

M & 2 v 3z Jy B v 4 e 05 5K mT LB AR @ S T B A B B B X Bl 2 AR AR

ma; = >, (Ncosg, — Vsing) —a mu, (D
(=1
mw,; = E(N,singp, + Vi,cosg) —a mw, (2)
=1
. . h, .
Jh: = D (M, —V, 2 —ald, (3)
=1

K m NE A PETEIRAAA B T, NE § AP ASE v Gl @ D RSB o A5
Bertdilm o Sl IS s w o 43R AR BT HOR AT o SR = B S B 5 0 HS L AR
Yk ge y B MM EL 5 o, © o, S0 § A BERFSEHRT o SR = B 5 0, A | ST A
S8y WO SRR s b N L RO L 5 o S BURE FHLE R AL
1.2 REHAFHAMEESHBLBHXER

1 i 340 7 -5 3 62 A% 1) 56 2R X 3 s 1) h, h,

AEI B M I B S R e 2 M 2 e 2
N L 2l L — = . ! 1 o N;
L L LRy L I I P (A S AT A
SN VLM RSB S 0 ). o Vi My M T
s N, LV, M, W B A 0 B3 % LBEAA D ABEN LA B
4. -E%IEJ I*Jjj LJE*E’;EE"J ':F' r‘ﬂ%ﬁﬁﬂ‘ﬂéﬁ?ﬂjﬁ Fig.3 Free-body diagrams of the left (solid line) and the right
. N (dashed line) parts of element / by an imaginary plane
Iﬁ] ngEﬁm . cutting at the median cross section
MG RIS, 568 1 Bom il ) 5 AR AL A 1 SE R AR
N (I:;ZA)z(u,l_ ) ™
!
v _ 12(}51),(10/;7%,,]) 76(}11521)/(6,{ P .
1 !
= SED gy 4 HEDy | 2ED (6)
hi h, h,

A: (ED, \ (GAY, L (EA), 535155 L Bty 25 i W RE B DN BE BRI EE 5 o L s L 0 A3 50 L B
5 ¢ s AR BRI MRS R M s o s 0 SRR SE LBSR 5 SiARlT fLRS 16 D ES L A
H 752 B F- 8l R 3l - 7 A L RIS C BeR9 Bl By N, JBER Y g VO RUBERI SRR M, 2



% 3 FAM AR A 7 AT IS ) — ZEATE A5 M F) 3t 52 R 333

N, — (EA),( W) (7)
h[
Vo= 2Dy BED ®
h; hi
M, — (FI)‘(@ ) (D

h,
(D~ =3 () BB ¢ B Bl i N, 39 0 Ve RS R M, 5 s 3800 B 19 56 28 24 % i o B e
FEACmE Bl Sy Ny (BT V, RIS M, ATE Dy

N, = By )ﬂ?(FA)f G — i) (10)
!
v = R G, — o + SR, ) 4 p TR, — ) + SR )] aD
14
M, = (E”%e —0, >+/3(E”1 W@, —oH (12)

h, h,
A s v’ 00 AR R EE LB i Bl 1 o R D R AR s o L s L0 AR AR L BEER
7 i P4 S ) 3 JBE R 1) 3 2R A S 5 3 W L JE AR KK
1.3 BiSIRRSBELIRAABZEMNXER
P FE VAR Bl 3 F- i 05 AR R AR B A AR R 28 PP S B L B0 TSR R 3 BE AT B L AT A R
s 2R AL o AR B ] A D I B P R R A A AR T AL A B AR AR R AR T AL R 2 T B A
B IC R AW S A 00l ) B 1] RS R A T R BRI A AR R R P g e R U

= u;cosg; + w;sing, (13)
w, =— u;sing, + w;cosg, (14)
0, =0 (15)

2 HHEEH

SR B 4 1 WERIE T H A Bl ) 2 15 07 A A BE ] P9 -5 S o 07 8% 119 5% 2R ST I fi) 3L 20 7y 328 4
18, S  HEME SR A R Bl T WIS B B0 23 . e K ST R T i B ()RR 23 mT L 2 H A% O (] 2 Y
IRV T [ 57 8% o 45 07 % I e e i 30 235 g Al o 280 o SR 0T A e o A () 9 050 8% I A U O —
BOMUA - 0 RAE A LR 2 A A R B L RS IR L E R R A EAT 2 BRI A R R SR AR
J7 AT B G 22 s A4 ) O e+ 22 R 1)L TS BUROR A BARSE B AR I F

Stepl s {1 ¢ W 220l 75 S il 1 b 7 902 o 3 38 0 4% 0 T 98 B AR O AR 368 SR Al I 28050 19 wd | o L 00
i )RR 25 0+ Ar B 2048 AT S8 ek R A8 SRR I D 1wl L o™ F0 01

Step2: A (13) ~(15) IFF H R AR R P o1 L w0 F107

Step3: M 100 ~ (12) 158 2 Be iy Belal i ) NI™ (873 Virs RIS M

Stepd: (D~ (3 FFFEGH wl™ | wi™ R .

Hi Stepl~Step4 #1738 HETFEE T 45 25 A~ B 220 1) 45 B F 5 B Ad 1) 51 3 e sl 6 % L 2% B B T il
T3Sy A R RSB T T YR HE SR A Sl g B B 2 A i B A

3 IJF;%:%% x1 MWERER
Tab. 1 Seismic records used
3.1 WERRCHERSERITERE Hh 552 4 Fi 0 R Jiil PGA/g
V1A I A Hb 7% 3 1€ ] PEER Cht- Imperial Valley 5057 El Centro A-E03140 0. 179
tp://peer. berkeley. Edu/smcat/index. (1979/10/15) Array #3 A-E03-UP  0.031
HtmD) % 4% J& ¥ Imperial Valley ¥ F Northridge 90011 BLF296  0.128

N 1994/01/ 17 12:31)  Montebello-Bluff Rd. .
Northridge 3% (L% 1), fe (g sy (090U ) Montebello-Blu BLE-UP  0.076

THHLYE ) (GB50011—2010) Hr 8 J 35 Bl 4158 B B4 88 7K v B3R 0 7K 1 7= 30t W in e P R 3%k 0. 2 g, 1%




334 [T S A SN O B SCE Y oY 844k

T b, 7 Y6 U (L Jim 8 B85 R K% R 0. 13 g
Bl 4 S R BR A5 A0 R B B wy | o, Cf 400 R 2Rl A LB C D) 43 3l 3R 75 25 B Al A A b 7R U
PLR daw AR, 24 25 At 5 S A ) ) 057 B8 I AR I Oy — 3 AL 4 25 R L RS I R A I JR] S 3R N B RT
FH TR RAT RS A S b Z P iy A—>B—C—D Jy 1] | i (] SE 8.
WX G =15 = 2 AR B - —4EHEZR 4540, )2 25 5. 0 m, HoAh 2 2 5 4.5 m. 32 IR BE +-
S SRR 40 C25 B9 A7 5 B A5 9 HRB335. 1 )2 AE U 24 450 mm X 450 mm, H Al 2 A #8182 400
mm X 400 mm. £ )2 2280 R 7K 250 mm X 600 mm. B JE 100 mm, A %58 B K 2. 3 m. SEFRi B,
ZEABHJE LA 0. 05, A3 AR AE B ORI 50 1 2 B R HOs 3 210 3 B B 2B 0. 25 ms. [ 4 g
BT AT i 4 T R 22 e AT ) G 5o G 1— 6 8o 20 M i A = AR A 0 A s AT L 7 — 12 R A2 A Y A
ity A8 T 5 13— 18 &7 A M rp A A A s T 5 19 — 24 R A M 0 A A A o R AT L S5 25— 30 RoR — )=
e BIAT ) i AT 31— 36 KR )2 i I 37 — 42 KoK =)= B v i
37 38 39 40 41 42

6 12 18 24
4.5m 30
17,
531 2B 3435 36 §23 2
10 16 22
45m Z 10}
3125 269]27 281929 3021 )
2 8 14 20 a0
S5m _5"_10 L
1 7 13 19
".'A ﬂ'l'B ’»C D 4 —_ 20
Wik u, WA u, Weh u. VoA u
R R A . S
| 69m |  69m |  69m | 2 4 6 8 10
| I~ | | t/s
B4 —HERTEHR B 5 A 6 5 8@ ARt &
Fig. 4 Sketch of the plane frame structure Fig.5 Comparison of shear forces of No. 6 cross section
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Fig. 6 Distributions of maximum shear forces at column ends subjected to vertical seismic load
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Fig. 7 Distributions of maximum shear forces at column ends subjected to horizontal seismic load
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N7 BT o 158 i) by R A FH AN I 220 W .t R 9B ) A7 9 R AR T o el R i b R A T A 0 — S g B )
M T ER KO AR 1 T AR R 3 BT 7, 49 4, Northridge 3 75 BB, U8 1) b 5% 45 FH R 802 321 6 9 4
Uit B A K F K i 5 7 A 5 B (.
(2) 25 4 Fe KAE T ith 2
]9 e H 25 [ 58 i) b R 0 ACERE AN [ 06 AR 000 T 3% oty 4 A i AL 1Y) EL B i . T o R iy 4 R A K
AR 48 2 B % it 2 R ) R 0 S o PR R AL 88 o) — SO I 0 385 SR T (&) 4 H 450 25.30,31.,36.,37
A2 (1 AT 1 3% o 5 R /N ) 2 1 JHL B S it 25 5t 8 00 A 9% 0 R AU % 232 3 o 2 R {3 K
10 7R 225 JE K- 52 g A o 32 iy 25 R i R 1Y B il 4. 2 D AT M R0 I % % i 25 4 die
AL I 2 o /N T /) . 30 8 3% TR ) A it 2 R R T () U2 % JHL Al G e i A
TCA8 A2 7K T b 7% I 2 185 o b RRAE T — S50 i 2% )23 B2 i 2% i 25 EL A R RR .
11 3R 3 25 fe KAB M LU AEL. B V/ H SRR %8 1) b 2 1 FH ™ 26 1 B2 ity 25 A K(EL 5 7K O Hh



336 ook o# RORE R o MARBREERD 844k

50

—a— Uniform ™ ——a—Uniform
z --=0--- 180m/s g % \ --=e==-170m/s
Z 40 o - /uv . —8—80m/s
S \, o & 60} S
g 30 -‘\/.,_., o /\"" 2 N 5
g o o a—a0N
o) A\A.—.A/A g N p
g S 40F » AN
o0 20F N o g \\, ’4" \
& A—i{\ \m o . .
'-E o--0 E ~0- =0- ~0'
S 10[ - g 20r % R
M g A/Q—A—A—-\A A/AP‘A'_"—\A / \
1 1 1 1 1 1 L 1 1 0 1 1 1 i 1 1 1 1 1
26 28 30 32 34 36 38 40 42 26 28 30 32 34 36 38 40 42
Numbering of beam ends Numbering of beam ends
(a) Imperial Valley i (b) Northridge i
B9 Y@ EARTHERTERRMELS A X
Fig. 9 Distributions of the maximum bending moments at beam ends subjected to vertical seismic load
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Fig. 10 Distributions of the maximum bending moments at beam ends subjected to horizontal seismic load
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Seismic response of plane frame structure
considering the wave passage effect

JIANG Ying-chun' ,LIU Tie-lin* ,LUAN Yu'

(1. School of Civil and Hydraulic Engineering. Dalian University of Technology, Dalian 116024, China;
2. School of Civil Engineering, Shenyang Jianzhu University, Shenyang 110168, China)

Abstract: The wave-based method is presented in this article for the earthquake response of plane frame structure. The
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spatial discrete segments of plane frame structure are used to form the investigated lumps. The dynamic equations of the
investigated lumps and the relations between interior forces and end displacements have been derived. By applying the dy-
namic equations and the relations alternately in time domain. the wave-based method was presented for seismic response a-
nalysis of plane frame structure. The method can be easily used to solve the problem of structural seismic response consid-
ering wave passage effect by using the proposed method. Comparisons of the shear forces of columns with the bending
moments of beams are carried out for a plane frame structure respectively subjected to horizontal and vertical seismic exci-
tations. It showed that the effect of wave passage may lead the column shear forces and beam-end bending moments to an
increase. Some column shear forces and beam-end bending moments caused by the vertical excitations are even greater
than those caused by the horizontal excitations. So seismic wave passage effect should be considered for the seismic re-
sponse analyses of plane frame structure.
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Study on the simplified method of energy analysis
based on sliding isolation structure
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Abstract; A large amount of calculation and complex analysis is involved in the nonlinear seismic response analysis of the multi-
DOF shear structure isolation system with the energy method, not ready for use in engineering practice. In order to solve these
problems, this paper, through its analysis of {ree vibration equation, finds an equivalent system to simplify the solution of the iso-
lation system. And the influence of three elements of near-fault ground motion on the total input energy was simply analyzed. Fi-
nally,a five-storey framework isolation structure model under the action of earthquake is respectively analyzed by energy method
and the simplified calculation method Compared with the results, it shows the method proposed is rather safe, which also provides
the reference for the seismic design of the project.
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