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Method of determining ground motion parameters of seismic appraisal

and reinforcement for existing structures
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Abstract: In order to study the reasonable value of ground motion parameters of seismic appraisal
and reinforcement for existing structures, the seismic appraisal criteria of structures in different
seismic risks was established based on the Homogeneous Poisson distribution for earthquake
occurrence. In view of the different residual service lives of structures and the different exceeding
probability of earthquake in different sites, the calculation formulas of exceeding probability of
assessment intensities were derived, while the exceeding probability based on the residual service
life was converted to the well-matched exceeding probability based on the design reference period
(i. e.,» 50 years); Besides, the conversion among maximum horizontal earthquake influence
coefficient, peak ground acceleration and seismic intensity were derived; The adjustment
coefficient of ground motion parameters of seismic appraisal and reinforcement for structures with
different seismic appraisal assessment criteria and different residual service lives were provided in

this paper. The results show that the research can reflect the level of earthquake risk of existing
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structures in their residual service lives reasonably, and it also has reference for the research and

application of ground motion parameters of seismic appraisal and reinforcement for existing

structures. 10 tabs, 2 figs, 18 refs.

Key words: structural engineering; ground motion parameter; exceeding probability; seismic ap-

praisal; precautionary criterion; seismic hazard zone

0 3

A R o R P bR A I R R A 2008
AR 8 G MR L2010 FFEM 7.1 FHFE . 2013 4F
MELE 7.0 b AR A L IX 46 M 7R (%) AR 3 3 K o By
Ja2 it S50 0 L 4t A 7 B DA AR B 5 (] B )] b R
J v 1 AH DG B Y 0T P58 43 30 T e 52 8 B B 1) 4 s
X BEIT A A BT R I B 28 ) Y I R A S BOR
A SRR WG L BUAT DU A R, ik
PRI 2% A A K B T AR 45 A8 5 ) 2 R A0 45 ) 7 A T
BU 2 o RN [ T B A B R S i [ Hb 7R B 2
B T Al T 25 A b R RN 1Y LAl . H AT E PR
6 T T P b 7 2 23 B0 2 BB 2 38 2o i E 25
L S IR A% 1 P9 T 036 1 i R B R 1 E 1Y

7 6 3| e M S AU [ A 5 A — R B 2 Ak
aok — BN (8] 1) 25 ) 177 3 6 25 4 A 65 7E IR 75 N
8 388 5 3 oy 2 i B 7 B b 7R 1Y) 45 A R AR
T8 38 15 B 0 R ) 5 A 0T G i [ b 52 N
{18 JBUAP AN AN 2% I el 0 A (0 P 73 i iR 2 TR 45
A FLFE A% A i O ) b RR R A R . SO MR S
BT 5¢ B - 30 P02 48 08 AR iE ) (GB 50023
200938 38 1 A5 2 {8 FH AR BR ™ i A8 8 ok 1R B AS [
F 5 o ) by 52 B E 114 22 i) s SR T FE 2 {6 T AR BR Y
R AN TR) T A SR A ol P A i (ERUS 22 IRA D » &
AAS 2 — Tl (86 35 77 7K P 8 442 B, 3 I 4R AN DL g
. A 2E AR A B A 45 7E R A 25 A Y
T8 38 A () 35 77 7K M b2 A P T X 7 ) il 7 B (L
MR TR R AN R G, 5K A5 AE 5 7% R 98 AR
AL B AL RE & A LR A T3 B 1 R B A5 Bt
T T P R 1 O BB i OB 6 OF 5 DA o [
b 7% XK B R A 43 BT T AN [ 0 4% {5 A B SR
T 38 b 7R AR B s PG S A S IR M AR S
A3 DX At R S R A R I U 5 T AR A A
FEASTR) M 75 10 Bt 7 VA b A2 VR R0 0 0 O ik
AR IXLE IR R B —E 12 2% M (8, (3 STk [4-
78R 7 R A A5 A RN B g5 i OR 8 8 B By ZL
b2 AR D 76 5 22 M 75 391 P T8 I (%) 7% XU W] RE A

T

[7] » SCHRLS T ) 72 15 45 ¥y 48— 42 1 26 T A0 Dt )
SE HRR AT 9 5 15 o (EA5 R A TR O AN [ 3l 52 B
P73 DX 7 10 45 ) 1 i 2 AR ASE 9T P S 8 182 o 275
o 9 AU, I AN — 7 A ] 1P gt DX AR 22 AR AE 5 4F
PR ) i S 18 93 ) 11 5 0 2 34 7 14 52 T A 6 W T o
ko PG X B 25 F PR M T [ AR AR
W A 2 A — P T

O G AN SO IR e A AR TY A T 0 T
Ak T A ) M 7 IRV, H 9 45 R T 32 P 114 B 5 VA 182 B
R E » I L3t 521 FH A8 A fEL 23 A D MR B i 52 T 45 1A
XEIE T AN ) BT 5% 3 A 35 B5 A HE 1 3 5 3 2 B
U .

1 WERXREHRRNEFRE

L0 RE 45 FE I S R A T8 A A () B iR A
PR B G T 2E 1 M 45 4 P A DX S A Jim 22 IR A3
W R MR e AR R AR . I 40 0 L RR K AR AR Y
BRIV AR 2 A7 2 21 A R BB IR 55 A R B TR o
TR AT KRR S Bl Db 52 R A E R B E L Kot
e 19 A AR AE I (8] 0 A b 5 AN 2 gl s s RDAE [] — 3
SN A 2 IR 2 R Ml AR A R B H
LA T A 1 M ) B B B R £ o M R A O X
SR I A TS A R DR T A B A 45 SR L IR 0 T ] M AR
T A SRS R 1) 24 ST R 3 A AR R R R AL 25 4
e S E T I P e R AR e AR R AL, fBE - D
FRAK AR 2 UMb 7 A DR /DN 25 [ A (] L A B
S s @FEE A L R AR R T — 45 B L RR I
B BOE I w8 . AR R A I A R
WX EEH T AN EE 2 WEAEA/NT T HED
N P (o)™ A

ADTT e
n!

P']'(I,Tl): (1)

A ACD R H T AR % R B T 4L F 2
AR 2 R R
MR (DT 40 %X 2D % A 1 R B
BNT T HIHAZ IR P (DK
P (D=1—P;([,0)=1—¢ T (2)



56 k& XRFFROGAMFR)

2015 %

2 MREERMIREREMERE X

(RSP RE %E bR UE ) (GB 50023—2009) FF #
E B B 20 AR B 9 AR B A R (R RE 3 ORI
FIRTEE T B SE B /NE R IR R B LR R A
) =K TR BB B A% . B 25 0 3 B 25 ) L IR A%
1 | MR e B P R AE A5 R B AN TR) PR 48 1 B B
TR I AN (7] o B A 6 /N L R R R R I A
TE A BT TR S PG B 5 4 T
Aty 55 3T DAY D A ARE 23 A DG, X T A R o I
W P A — R R R A s i PG B Bt S b 2
WCAR R I AT L Al S o T R AR 5 ok SRAE 45
4 e 2 AR A5 30 P 8 A TR B 7 1A 152 Bl b o T 28 388 119
i 7= ZBE 0 /N o R B o 3 R AN [ A 1 Ak 35 o 30 o
S L 23 4 (1) E B

FEF UL BN AT LUEAE DA 3 A 5t ok i
UAT 45 A8 FE T 00 4 75 i 1 P10 AR S 55 m [ FH b 2 A
FHUE : O )5 22 I £ 30 G 1 F o7 28000 3 3 ik v R
A S S K R Y R AR AN L BB 5 A T

A TA) Je 252 IR A 300 PR 3 D 3 A ZURE /N FIRE
Hh e FURE R GR ZU R MR R 5 I A5 R AR ) 5 ©
B ) 25 [ 45 A TR A B A s S0 =K HE Y
R ARE 5 AN IV 25 ) A i 2 i B 3 P 3 A 2
JEE b 72 O ME AR b v L5 T4 A A () 5 © BE T v 55
[F 445 ) ) A% (8 45 i » 5 A 7 I 6 AR 30 300 1 2 3
il Z0 B2 M 72 Y AR 3 2R SRR TR L RIS R 7R [ S
2 IR A 30 P9 G P 2R M R Y B AR ) . DL
3 AU T 73 350 B S« AR ) Al 20 2 A [ AR
AE MM AR R AR R 1A T ARUE
VA B 17 9 DU T 45 4 7T 5% 4 T R S S A =
IR ME SRR A AR . B IR P R A R BT
HLTE B 7 ) M 2 o 2R 48 T 2 B AR 1 IR s o
HESI O 50 ARBlAE 4. O 1 T LA BT A G AR
SRHTE o AT A ] B T i v S0 1 AR 3R 0 B Oy i
THEEENI D 50 4F 1 M ol LR . R SOR R
ZA AR TR BTt ZN R 1 LA [ R AARE 3R 3k A [) 4F °F 4
J A FRE I IR XS R LA B T DL B3 R AG
Y JU) ) 245 A 47 752 6 S DA 20 2 R R

Rl ETERRETEMENNERZTEARN =KL EBUEBER

Tab.1 Structural design reference period and three level earthquake exceeding probabilities under different seismic appraisal criteria
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Tab.2 Mean annual incidences of each appraisal intensity under different residual service lives
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Tab.3 Exceeding probabilities of three level earthquake intensity

under different design reference periods (criteria 2)
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Tab. 4 Exceeding probabilities of three level earthquake intensity

under different design reference periods (criteria 3)
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Tab.5 Shape parameter k and multi-value intensity corresponding to the basic intensity
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Tab. 6 Multi-value intensity corresponding to the basic intensity in each seismic hazard zone
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NN RN S S V-T LR

ASCN Ny TEAR 2B ke 1 0 5 B TR [] 2
JEE AT oK 1 22 S L B 25 B AN [A] A I A 20 DXl R Y 22
St o 25 IR H AR A sk A OC 3 5 ST T TR L AR
A e ] I R S B M R AR A DX R KR
oK aE T X AL 7.8 EXJET 1 IX. 55
Sh—ERr 6 X E T X . Hig [ X[ XERS
TORT SR ARG 20 B AN [ fs B0 42 23 DXCAfl 22 9 JBUAEL T
DX AT 255 25 AN [ 1 B 1k 2 X A B E )52 . A
Bt AN DR B 45 K BT A S 3t 352 F B 2 90 A Bk

(T3 T PR LI 25 A0 25 8 A I 1k 20 X35 f 5 1Y
Gy /)N B0 R A o R BN R B 2 ISP 2 1 i 5
(12) TR ZH LA 5545 2R S ot T2 R
SR SR IR T R

WAER 3% 4 PRBBR P FIE 7 HIB RS
Bk BAAEZLE 1, - iz A (12), a5 A& fE
P73 DX N B A A [ i S5 IR AU 18 225 4 7 A (] 8 B 7
DU 8 Al 20 2 A A O B T B U S 50 4R I A A
HIEAGRUL . T UUER 8 45 T BERHEN 2 AN BB vE

RT BWHEMARRRESXANBRSH L FITGHAE

Tab.7 Improved value of shape parameter k and assessment intensity in each seismic hazard zone

hRE AL I I e
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6 i 4.47 6.92 9. 895 5.29 6.48 20
7 0. 109) 4.72 8.20 6 5. 60 7.83 9.082
7 (0. 15¢) 5.45 8.58 6 6.16 8.28 8.618
8 Ji (0. 209) 6.18 8. 96 6 6.72 8.74 8. 107
8 £ (0.30g) 6.91 9.36 6 7.29 9.19 7.543
9 i 7.85 9. 64 6.917
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Tab. 8 Three level assessment intensity under different residual service lives and in different seismic hazard zones (criteria 2 & criteria 3)
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INFEZUE 3.53 | 4.09 | 4.46 | 5.23 | 5.67 | 5.97
I X R R 6.17 | 6.56 | 6.81 | 7.34 | 7.64 | 7.85
KAEZLE 6.83 | 7.17 | 7.40 | 7.87 | 8.14 | 8.32
INRZURE | 3.74 | 4.07 | 4.30 | 4.92 | 5.23 | 5.44 | 6.09 | 6.38 | 6.58 | 7.26 | 7.53 | 7.71
15 B o) 2 X EZFIE | 5.42 | 5.68 | 5.86 | 6.47 | 6.71 | 6.88 | 7.52 | 7.74 | 7.89 | 8.58 | 8.77 | 8.90
KEZIEE | 5.88 | 6.13 | 6.29 | 6.89 | 7.11 | 7.27 | 7.90 | 8.10 | 8.24 | 8.91 | 9.09 | 9.21
ANEEELE | 4.97 | 5.11 | 5.21
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I X R 5.21 | 6.07 | 6.61 | 6.57 | 7.26 | 7.69
KR 5.98 | 6.74 | 7.22 | 7.18 | 7.79 | 8.18
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KEFIE | 5.29 | 5.81 | 6.16 | 6.35 | 6.83 | 7.15 | 7.41 | 7.85 | 8.13 | 8.48 | 8.87 | 9.12
INFEEBUEE | 4.64 | 4.93 | 5.13
M tpEZIEE | 5.42 | 5.69 | 5.86
KEHE | 5.66 | 5.91 | 6.08
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Fig. 1 Relation of peak ground acceleration and
seismic intensity in zone [
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Tab. 10 Modification factors under different residual service lives and in different seismic hazard zones (criteria 2 & criteria 3)
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FAEAM X | PEASFUEE | 204F | 304 | 404F | 20 4F | 304F | 40 4F | 204F | 304F | 404 | 20 4F | 30 4F | 40 4F

/N BB 0.543 | 0.721 | 0.871 | 0.613 | 0.770 | 0. 896
IX R 0.564

Kzl 0. 604
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BBy N 2
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