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Influence of P-A effect on the structural residual displacement demands
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Abstract: To reveal the effect of P-A on the residual displacement ductility demand of structures, the damage-
based residual displacement ductility demand ratio spectrum w . of single degree of freedom (SDOF) systems was
conducted based on the Park-Ang damage model. The data were statistically processed to evaluate the effect of soil
type, elastic stability coefficient 6, ultimate ductility coefficient p, and hysteretic model on damage-based w,... A
prediction equation was proposed to estimate damage-based w . of SDOF systems through regression analysis. The
differences of w,.. based on damage approach and ductility approach were compared and analyzed. Results show that
the error in the estimation of damage-based u . when mean values along the earthquake population are considered
without any soil distinction is inside 10%. When the P-A effect is not considered, the influence of w, on damage
based w,., exceeds 20%. When the P-A effect is considered, the influence of i, on damage based . exceeds 50%.
The ductility-based w,.. tend to be conservative compared to the damage-based ones. Finally, the prediction equation
for the estimate of damage-based .., is proposed, which can be applied to the evaluation of residual displacement
ductility demand ratio and seismic resilience.
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Table 1  Failure state and their corresponding damage indices
BERRS BEASEHf BRIMmEIR TAEEIR JEE IR FEI A8 ez

DS (0,0.1] (0.1,0.2] (0.2,0.5] (0.5,0.8] (0.8,1.0] (1.0,+00 )

1.2 EEP-AREH p,  EEE
SDOF 1 2% [& P-A 50 1935 8h e hy
mi (t)+cx (t)+[f(w,t) =0 « ky + x] =—m & (1) (2)
Kb m ABTE ;e MBI RE & (¢) (&, (0) i (o) 53590 g 7R 8 RE X T 1) fm 3 88 | b T 328 5 ) o ke 32 AR
X LT AT T 3 f (o, o) MR BRI T7 5k KRR K TE P-A SN IR RRIEE ;0 =mg/kh NoibEFa e 250,
XHRAE P-A BN AR/, 0 B UL P-A SOV SEMREK s b MR R B
SDOF A& & HIAERE E, > Rk N

E ()= [ [fCe,t) =0k - x]dv — [f(x,0) ~ 6+ ky - 2] /2K, (3)
Ak, =ko—mg/h 75 [& P-A ZUNMHINIEE . Xf SDOF 1A ZR 51 A SR8 R R, H& ik 0y
R=F./F =F(u=1)/F(DI, u=p,) (4)

=, DI 25 8 S, AR @ R4 e 0548 5L DI )75 F bR AE T SDOF 1 2 PR 45 BT 75 11
/R A AR SDOF AR Bttt m FIJEIIY] T X5 102 38 I BE E S, R AR w, 0T ARy

uy:llj":(sa/zz) - (T/2m)> (5)

P

B (3) K (4) FR(5)CARK (1) , 455 DI BEEH

-1 E -1 f [f(x,0) =0 ko~ xlde = [f(x,0) =0+ k-x]°/2k,
Iu’ + h — M +B 0 : (6)
p, -1 T F pu op, -1 mu, (S, T/27R)

LT FRHE S AT ISR H SDOF 14 2 A9 B M 17, 38 53 SDOF 4 22 A 2 sk A5 40 B H12 B 235 ) % 4 or
% u, S IETHAGHY w, 0%, WA R 1, (AR, N T BE B RR e R il £k P R BCHE R u, , B
SR SNC SIS 10 s ZhnE EE AR

DI, =

i

| é’n/il:R I‘_\i;
PR TITIIIRIRANS | ST, il |
[ wewmEsierrsmmgn | | : v ’
| ] | L[ RS BE, | (R+AR
i — || T+AT ! v E
1 e T — [ kmmbssol | |
| [ SO BHRROL, AR R, '

| HEF, u=F,/k |

Fig.1 Procedure for calculation of damage-based .
2 MR EICFIER

BTG, 5T PEER NGA-West2 M= sh i, 0T B 1952 4k et FyE B 19 kMRS 1 366 251D
reaflie R R M, KT 6.0, W2 KT 10 km, i S5 (E N B ( peak ground acceleration, PGA) KT



68 WwoE L B 5 T ®B & 3 F 458

0.05 g, M8 E L Z U K 3151 ( national earthquake hazard reduction program, NEHRP) "> ¥y 37 b %] 73 b
NG Ay =28 Hop B 2R (MR LA 30 m [l I )2 P BT DIGH V) 760~ 1525 m/s) (C 2 (Ve N
360~760 m/s) LUK D 25 (Vg 180~360 m/s) B i3t % sl B0 4371 4 48 586 732 %%,

HWK R T 385375 pE b R S i (AR (520, 27 SCHR 17-18 ] h b AE shic sk ar 2 ik 8% € 28R
D 237 E B0 SR PGA 43 4 (0.05,0.15 1. (0.15,0.25 ] g LA 5% (0.25,0.70 ] g X 3 40, 4» I FKm N
Apor Aron Avoro IRJG FKG 5 I8 PGA 4321 1Y B — /N4 Hh 75 3 4 B b 72 3J) 37 B ( ground motion duration,
GMD) 2043 59 (5,101, (10,15]s.(15,20]s iX 3 4, S0 HFR N Ay Al Al o HUEE SRR 5% ~
95% B BRI | ARSI EC A e BRUAE] 5% M1 95% 3% 2 A~ BI(E Z R AR Rl B, mn] 20, C 28
D 233t 75 B30 5 R b RE Sh i (i AR5 Rt 400 9 4,

RIG,R T 2 B R SIS A2, DA 9 2l bR Slic S A il e O T A0 S A R b R Bl il A I
HFESI N5 B 25 48 S5 HRE B 1 5% 14 S 0 1 7E 481 J) ] By T BE 04 DR B

HeJa , Tfie ) C 2N D 2837 bt 7% Sl S A B 4 1) 90 4%, B2 HE b 7 2 i (BRI Bt 4021 1Y) 45— /N
E R RSO SEA R 10 45, HEUY =28 bR shic 3L 228 45, B 25.C 28U K D K Bhid
SRS S59 i B S R 3 (S, ) RPN T (S, ) RS SN T (S, ) LA SR AR 14 in 28 B R B3 (S, /PGA) 43
HEE 2(a) (b)) (e) (d), HEI,B 237w slic s i 25 0 B B 35S (E /N T € 280 K D 253
Hi 17 By 1 SR A P40 B S N i R, X R R T B R R B iC SR 1 PGA 5 € 2RLA M D 2RI Hb iR
SO PCA Z [ AFAE %225 55 5 — 257 b b 5% 31 SR v Ak 88 S o7 3533 (1 7 41 J) 401 B el A 22 0
ARIN, B =28 37 b bt 52 Sf 0 S 00 R S % 7 41 ) 0 3 1 T R e e L DE T

EASULIA A I, B 2837 Hb i 75 2y i 3% 41 AR 7 2 (8RR A 3 2L, (Aboas A )~ (Abeas Ao )
(Abor»Adun) V(A2 AL V(AZoy s A2 ) LI (AZ, L Adyy) 355 9 RS ST s 50 40 10,1019 4.2,
3 %% M PGA f 7 Hr, B 2R 43 7% (0.05,0.15 ] g F1(0.15,0.25 ] g 3% 2 MU R HIFEShIC %, H 81%1Y
CSRJE T(0.05, 0.15] g Y[, M HLRE ZhRFEF A BE 4087, B 2537 M bih 7% 31 10 5% ) 43 A B8 A LA, (5,10] s
(10,15]sLA 2 (15, 207 s Ju FEE & O MRS Bl SR 0 5o 1412 .22,

60
0.60 B B
C A 50 C L
045 — D5 <) — D
s ‘ ——B.C. D g 40 —B.C. DX
Az %
& 0.30 =30
= iz
= B0
= p
0.15 ’
10
0 ‘ 0
05 10 15 20 25 30 0 05 1[0 L5 20 25 30
JE3/s JE /s
(a) JNERE % (b)) JHE ik
2 — BEGM 60 — BHGH
CZm (o575}
g 12 — DXt 45 — DXt
5 ——B.C.DZHh st ——B.C.DZi
=9 5
X W 30
= %
1.5
0 0 )
0 05 10 15 20 25 30 0 05 10 15 20 25 30
JE /s &I /s
() PiFE R (d) Bk REGE

2 =GR RNIE R TR AE

Fig.2  Average response spectra of ground motion records for soil types B, C and D
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