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Characteristic analysis of multipoint input seismic response of reinforced
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Abstract: The ground motions of foundations in mountainous regions vary at different elevation, and the
degree of impacts on the seismic response of buildings in the areaneeds to be studied. By forming the
Wenchuan earthquake records from Zigong observation array as the inputs, four RC (reinforced concrete)
frame structures supported by stepped foundations were designed based on Chinese National Standard for
seismic design of buildings. The elastic and elastoplastic time history analysis of the structure of the
calculation example was carried out by inputting the ground motion signal at upper surface of the

foundation, at lower surface or the multiple points at both surfaces. Structural seismic response difference
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coefficient is defined as the ratio of the response to the single excitation signal at one surface over the
response to the multi-point excitation inputs at both surfaces. The influence of multipoint input on the
seismic response of the spatial RC frame structures supported by stepped foundationsis analyzed in the
aspects of structural seismic response difference coefficients and failure modes. The results are following:In
the elastic analysis, the difference coefficient of seismic response of lateral deformation and storey shear of
RC frame structure with long 1stnatural period is between 0. 85 and 1. 12, while the value is between 0. 38
and 1. 22 for similar structures with relatively shorter 1st natural period. Thus, the RC frame structures
supported by stepped foundationsdesigned only based on the single ground motion signal on one surface may
be unsafe. In the elastoplastic analysis, the seismic response of the RC frame structures supported by
stepped foundations with both long and short periods under multi-input is obviously different from that
under uniform input, and the minimum difference coefficient can reach 0. 27; The failure state of the
bottom of the RC frame structure under multi-point input is more severe than that under single inputunder
the extremely rare earthquake. Proper seismic strengthening should be carried out for the step part and the
first floor above the sill of the RC frame structures supported by stepped foundations.

Keywords: mountainous building; structuresupported by stepped foundation; multipoint input; seismic

response; finite element simulation
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Fig. 1 Topographic map ofZigong observation array
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Table 1 Basic design parameters of the falling frame structures

RS BRI M1 BRI M1-S BIE M2 R M3
-1 250X 400 300X 500 300X440 250X 450
L-2 200X350  300X500 200400  250X400
71 450X500  600X600  550X550 600X 600
7-2 400X 350 600X 600 450 X450 550 X550
7-3 450X 500 600X 600 500X 500 600X 600
7-4 300X 350 500X 500 400X 400 500X 500
75 300X250 500500  300X350 400X 350

T R PRI mm,

R 2 & MI.M2.M3 1 M1-S BIE A FH

Table 2 Periods of each falling frame structure

BB ARRREEC B RBA s HiF/ He
Ml 4 1. 56 0. 641
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Fig. 4 Schematic diagram of model M2
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Table 3 The parameters in reinforcement of model M2\M1-S

45 IR M2 A I M1-S 7 RS FH M2 21 FER M1-S 24
1 1C16\2C14\2C14 1C20\2C18\2C18 1 3C16\3C16 3C16\3C16
2 1C16\2C16\2C16 1C20\2C18\2C18 I 3C20\3C18 3C8\3C16
3 1C16\2C18\2C18 I 3C16\3C14 2C18\3C16
4 1C16\2C14\2C14 \} 3C22\4C16 4C16\3C16
5 1C16\1C12\1C12 Vv 4C18\4C16 4C18\4C16
6 1C16\2C12\1C12 VI 4C20\4C16 3C18\2C18
7 1C16\1C12\3C16 VI 3C18\3C16 3C20\3C16
8 1C16\1C12\2C18 i 3C20\4C16 3C22\3C16

VL A EC A 1C16\2C14\2C14 FRon AT i B 1C16, U [a] SO AR B 2C 14, B mp B0 A 2C14., PIRECHT 3C16\3C16 FK/n T &8
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Fig. 5 Reinforcement graph of model M2\MI1-S
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Table 4 Table of seismic input and scaling factors

Lyt N4 BRI €Y
AL
AMREZ  AHLES (Zilh /718 /78D
e
6 65 (0.86/5.43/7. 64)
—Ei A
T
T4 T (0. 87/5.48/7.73)
— A
ESE N 6% (£ 0. 87/5.48/7.73)

3.2 SRR

Sk 2h g i AR o3 B A AL R A BR O RR T
SAP2000 FEF7THEAR , BHLJE FL i3 R 0. 05, 38 i K i i
PR 2 A . KRR R AR S5 1 SR Y
S HE N b RE Bl 0 5 ) TSI — S KT R A IR
TS A2 ] ) 2 S A R 5T o A it o g £ B AR
BUIERTZ 2, 25K T 1 B0 0 B AR 43 i A AR
KA FROTFLY PERFORM-3D 1 2T 44530 33647 2
R 30 A R M S B b R B 2 A AT L RN
T DU AE S5 74 S P A JE it o b 7% 20 14 7 1)
— AN B2 3L ] s 0 R B AT i Il 2R
FEAE KW 3 3 4 it Jon 437 B8 1) B R B L35 itk i
Sl FESE A R X Bt 7 %6 AR BRE Rl S
hmo. 1% ry5E R BHJE (R 2% & BK 10 DA BR A9 P
Bl TR EBE AR Scott-Kent-Park #5251, 54
A #J % F Giuffre-Menegotto-Pinto #8 KIS - 7§
PERFORM-3D HiE LAY 3 AR REK HE (10 &
TSR ST BDAAE (LS rf BERE IR AR fig 2 4 LCP ™ 4
MBI B 1k, W ¥ A8 1 0 A8 T8 DL R &5 ¥4 1Y 1 3R
KA.
3.3 RBVGIE

Ry 5 UE 25 48] 55 R 3 A RS AR (%) A 8P, AR S
HRL26 109 RC - i 45 )2 HE 2R 25 Mg 400 i ) 1l g, 42 45
FASASE S T RS0, 7 3 R AT AL R B AL 5 3 56 1
SEkL T 1] i 2 L e AR =y ) 9 T IR 6 FRL 7. R
16 AT UL, o S5 A 78 s [l i 4 () T2 AR AR AL L 25 44 )
JERZER AR . P E & R AP, Bl 8 R
S5 1 25 i R O Ee L B R B B AR T A
R ZEIR G R A i PR R 7 AT L R S AR A



76 I RE5xE e

FROF E O

% 42 %

TEAE ) 1 017 0 A — 0, A5 TR o4 Af A 400 45 g 114
BEAREE . BEIARA A R A SO R A A5
YA RC it JEHELLL R ) s SR L R i 1

]
-100

150 . . . .
-150 -100 -50 0 50
. £/ mm
e —iAR - B

6 RS IXI8 A0 L5 KT ] i 2

Fg. 6 Hysteresis curve of structures simulated and tested

' s
100 150

'S et

¥y A n &
HE Bl
B7 ®RUSHBHERHETIER

Fig. 7 Failure mode of structures simulated and tested
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Fig. 10 Differential coefficient S of story ratio in

elastic-plastic analysis model M2
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Fig. 13 Number of beams of M2 model with different

performance levels according to floor statistics
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