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Abstract: In order to investigate the mechanism of seismic energy distribution and energy
dissipation of complex building structure, the time history analysis of dynamic elastoplastic
energy for a reinforced concrete (RC) frame-wall high-rise structure was made by using software
PERFORM 3D based on the principle of energy balance. Meanwhile, the rule of earthquake input
energy and its distribution were obtained for RC frame-wall structure under rare earthquake. The
influences of ground motion characteristics on the earthquake input energy and its distribution in
the RC frame-wall high-rise structure were examined, the time histories of the ratios of seismic
energy dissipation to input energy were obtained. The influences of damping ratios and ductility
ratios on the earthquake input energy, damping energy and hysteretic energy and its ratios to
input energy were discussed., and the mutual influences of damping ratios on the hysteretic energy
and the ductility ratios on the damping energy were determined. The distributions of the

hysteretic energy along vertical direction and among RC members of the building structure were
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researched, and the effects of lateral stiffness on the hysteretic energy were confirmed for the

frame-wall high-rise structure. The rules of earthquake input energy and its distribution among

energy components were indicated for RC frame-wall high-rise structure. The obtained conclusion

for seismic design theory based on the energy balance principle can provide reference for the

engineering practice of complex RC high-rise building structure.

Key words: principle of energy balance; seismic energy distribution; energy dissipation mecha-

nism; reinforced concrete; frame-wall structure
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Tab.1 Reinforcement of Each Component of Frame-wall Structure
- 0y 71 5% ia%?ﬁ’ﬂ'ﬁ'ﬁﬂﬁﬁ HE SR B R o AR O EC A | 3% A | % SR A T AR/ mm? R T HE 22 B2 A5 T8 AR/ mm®
J&/mm | T/ mm? 11 F1/mm? i i T T
1 750 mm X750 mm 1 950 2 000 2 000 [250 mm X700 mm,| 1 350, 1 350,
2~4 2 000 2 000 2 000 [250 mm X600 mm,| 1 250, 1 250,
5~17 700 mm %700 mm 1800 350 mm X 1 800 1 800 250 mm X400 mm 1 000 1 000
8~11 o 700 mm | a0 | 7800 (250 mmX700 mm,| 1100, 1100,
1750 700 mm X 700 mm 1470 250 mm X600 mm,| 1 000, 1 000,
12~15 1600 | 1600 1250 mmx400 mm| 1000 1 000
x2 MEHSH
Tab.2 Ground Motion Parameters
b 7% e 44 Bk J5'In] b AR e S A e R ZURE | VB / Cem » s 2) | FREEHF[H) /s FEAEJE /s 2 5
El Centro K EL-EW % 1940-05-18 6.7 215.00 25.00 0. 55 1
El Ccentro [iZE]Y EL-NS i 1940-05-18 .7 313.00 25.00 0.55 I]
JE L i TS-EW % 1976-07-28 7.8 65. 94 49. 22 0. 35 1
JE 1L b TS-NS % 1976-07-28 7.8 55.49 59.92 0.35 1
LomaPrieta K74 Loma-EW % 1989-10-17 7.1 473.10 10. 00 0. 45 1
LomaPrieta Mt Loma-NS i 1989-10-17 7.1 410. 10 10. 00 0. 45 I
Northidge i Nor-EW i 1994-01-17 6.8 516. 50 25.00 0. 33 1
Northidge 2| Nor-NS 1994-01-17 6.8 415. 80 25. 00 0.33 1l
AT 1 AL 1 343. 00 20. 00 i
NI 2 AT 2 429. 00 20. 00 Il




% 34 S, MRAEY &

25 M) 3b

41

fﬂs
»
¥
3
B
[
e
2
&

HLRE /S HT 245 PERFORM 3D, DLk #1110 £ H 2
Bl sk R A A X 1A ST A AT R R A AE -5
35 5 2SS AT R AT T B 7 A e e R BT L A5 3
TR T TR AR 1 AEL g
IR

2 S 15 J2HE 57 25 M AU AE |34 3 7% 3l 4
AR E B B 7 588 RE I AR A B A L o ) o AE
B 28 A 11 M R A A BE B R L b AR Y R RE BE B R L b
72 BELJE FE B I A DA K M = iF [l #E B o5 B FE R Y LL 41
AR L 38 R T HE T 4 A R Y M AR BE R AN .
FEASTR) b 5% S VR T+ 45 358 43 b 7% Rl 1 28 1k 0 A 12
U, HLEE A L AR RE R O 1 BELJE REREAR /DN, W
S5 K0 DG B B N T B TR AR L b AR i A BE B
SR 1) Sl BE AN L R AR BB R B s 22 Bl A H R AR
(2 B2, b 7R AE et E A\ RS0 L b R B A T B
[ fiE 11 BELJE A RE 174 38 Jom i I  1 0, 455 ) 3 3
LB PEAR TE | FERE 7F Hb 7% 5 A BB o7 1) B f97] 8 O
s MR EAT B — R BE 2 )5 - i IR0EE RE A BHLJE AE RE
T BT TL T T 00 1 B RE B 7E b 7R A RE
Hh 5 1 L 3k B d KR - 3R W1 45 48 1% #E RE BE 77 34 3
TR, DA e DA M A2 i A BB 1 A LR B 3 A B
B, BV ath 7% A BE 7E HE BT 45 04 o i 1R B 3G K R
Al S B T M R RIS A S . B FE BE R [R] AR
fE (A RE 1 b 3] 38 K T i A2 6 b 7R B
S AR Ak 15 T i L B R R U ) . B A T RE AR Y
Boohn . b FRAFERE R Hb AR B A BB I Lo AR E
RPEIT 10026, [, fy e i R i 2 2] R
A {3 R AR ) L AN [) i 55 8 14 6 ) AR 22 51 W
B 8 B R Bl A S R R X b AR R W Y

3 HHFMEXERENRN

25 ¥ BHLJE 25 1 JE MR HE BT 254 2 > ML RY i) 25
o 1 P R B L G b 0 T 45 H R BE TN BT AR 1 RE
HAEFERBEM. LRSS BHLE F1 2 #4 28 4 X 1R
T5E - HE 5Y 157 )22 45 7 b 7% 8 i A SO FE R R 2
3.1 PRI m

BT FORHE BT S5 A AL, A3 I A R B e 1L &
33 0,0.02,0.05,0.1,0.15,0. 2, % ] & #h 5% 55 4
SHEAT SRS VE Bl ) I AR S BT L A B A [ b AR i A
T HE B 235 0 E b 52 45 TR S Ml RE R AR Y 4 A 1 OO,
Kl 3 FiR .

RHLJE LU XTHE BT 45 44 S0 i s= 5 A RERZ MR A &) 3 ()
PR K 22 b A2 T 1 = i A fig il 2k 28 1 P22 L i
I — 1 50 T BELJE bE X HE 55 45 44 b 752 S A BB 1 52 1)

IS
%
3
o
<
&

+
£
[es]
Z
=

| —=——Loma-EWi%
—=—Loma-NSJ

i 52 i\ BE/(MN * m)

(a) BEARE

8 —— EL-EWJ
| —~—EL-NS¥#
B | =TS-EWH —eeeemom—eoe
z | T TISNSE [ K eena
S | = Loma-EW¥
S 4F = Loma-NS¥ f| = J/eeeossssresees
& | ——Nor-EWi
%’i —e—Nor-NS#  #
2 -
B
0 30
i a]/s
(b) HirEIFERE
8- ,
——EL-EWi
~ | —a—EL-NS#
B gL ——TS-EWik
z | ——TS-NS#
2 ——Loma-EWJ
3 4F—=—Loma-NSJ
‘%’E ——Nor-EWJ
™,
o 2
R == oS00
5 10 15 20 25 30
5 8]/s
(c) PBHLJE¥ERE
=
X
= 0.8
2
< 0.6 )
& I ——Loma-EW
0.4 [ | ‘ —— Loma-NSJ
i e " —— Nor-EWi
0 02 —’—Nor-NS%ﬁ
w o il —— N1
RN . \ . AT
5 10 15 20 25 30

I [E)/s
(d) BABRE & & H N BE 1 EL
M2 FREENER TR R
Fig.2 Time Histories of Seismic Energy

Under Ground Motions

AR BHJE H X AE B 45 44 BHLJE € RE /Y9 52 i 4 ]
3O BTz s A [ M 5 35T 1 B JE #E fE ith 2k 22 1L B
A2, LI B B HE BT 2544 L FE B A9 52 M e

O3 T 87 HE BT 45 R4 7 4% Bt 2 S AR TR iR
JERERE X BB E LU HE i 38 n » BR T 6 4 4 e
EL-EW J§ T 0y B Je FERE RS R il £, an &l 3 (o) T
5 Ho Al 3 52 S/ F T B B FERE DA JE LAY I A
o O T HEFERH JE FE BEA1E 3t 5 AR Y 4y BE AL A
Gr AT T B e FERETE B RS AR R o M R A RE B
Y L i AR L 18] 3CdD 45t T 7R EL-EW R g FL e



42 AHAFE TRFR

2015 4

—_
(=2}
1

—
5
T

o0
T

i N BE/(MN » m)

0.10 0.15 0.20

S
S
o
o
W

FH JE Et
—— EL-EW# —a— EL-NS# ——TS-EW¥
—=— TS-NS#% —=—Loma-EW}{ —— Loma-NSJ{
—— Nor-EW%¥ —*—Nor-NSJ# —— N L1
—— N2
(a) BN GEE

—
N

r—— EL-EW¥
—a— EL-NS#
——TS-EW
—=— TS-NS#

[ pe— Loma-EW

FH JE #E fE/(MN * m)
£

—e— Loma-NSi# —— Nor-EWi
—+—Nor-NS#H  —— A L1
—— N T2

0.05 0.10 0.15 0.20
FH J& tt
(b) EBHBHERE

FEL JE #E BE/(MN « m)
(=] — ;%) w £ W (=)} |

s 10 is 30 35 30
I 8]/
(¢) fEEL-EWUAEH it BH Je #6 fig

—— =0 —a—£=0.02 —— £=0.05
== £=0.10 ——¢=0.15 ——£=0.20
5 10 15 20 25 30

I [)/s
(d) FEEL-EW 15 F T~ BELJ8 #E i o 5 5\ i 1 L 41

3 FARMESERTHMNGEBERELERERLL
TR R

Fig.3 Time Histories of Input Energy and Damping

Energy with Damping Ratios Under Ground Motions
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Fig. 4 Time Histories of Input Energy and Hysteretic

Energy with Ductility Ratios Under Ground Motions
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