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Abstract: To explore the difference in performance indexes between the medium earthquake design
and the current small earthquake design, the conceptual differences between the overall moderate
earthquake design and the small earthquake design are analyzed, and the internal force amplification of
the structural components under the two concepts is compared firstly. Then, the influence of different
design methods on the whole structure and the components is grasped from a macro perspective. Sec-
ondly, based on the acceleration design response spectrum and displacement design response spec-

trum, the expression of the total equivalent damping of the simplified single degree of freedom system
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under the action of the moderate earthquake is derived, and the relationship between the equivalent
damping of the moderate earthquake and inter-layer displacement, intensity of fortification, structure
period and ‘period ratio’ is theoretically analyzed, therealter a simple proof is carried out. The quick
reference table cases under different fortification intensities are given to facilitate the rapid evaluation
of the damping and stiffness requirements of the regular multi-layer structure. Finally, three examples
based on fluid viscous damper (1-FVD), friction damper (2-FD) and mild steel damper (3-MYD)
are utilized to demonstrate and summarize the moderate earthquake damping and stiffness demand as-
sessment methods proposed in this paper. The results show that the current small earthquake design
may meet the performance requirements of the moderate earthquake design. The column members of
the first- and second-level general frame structures can basically meet the requirements of moderate
earthquake design, the first-level floor column meets the moderate earthquake elasticity, and the shear
force of the reinforced area of the first-level shear wall member can meet the performance requirements
of the moderate earthquake design. It's worth noting that negative values and local oscillations of
damping ratio will occur under the action of a moderate earthquake for low fortification intensity and
long-periodic structure. By adjusting the additional damping and structural stiffness at the same time,
the strategy of moderate earthquake design is relatively reasonable and feasible. The additional damp-
ing ratio can be initially determined by interpolating the reference table during the pre-project evalua-
tion phase, thus guiding seismic energy dissipation scheme design. The theoretical analysis and engi-
neering application of moderate earthquake design are still insufficient, and the problem of satisfying
the basic design principles such as ‘strong column and weak beam’, ‘strong shear and weak bending’
needs to be further studied.

Keywords: response spectrum; internal force adjustment; elastic design under moderate earthquake;

non-yielding design under moderate earthquake; energy dissipation
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Table 5 Comparison table of inter-story drift between

small and moderate earthquakes
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400 350 300
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Table 6 Total equivalent damping ratio for moderate earthquake design with a seismic fortification intensity of 6

AL %%
Ty/T,=1.0 T,/T=1.1 Ty/T=1.2

T/ T E: %4 1375 1571 1.833 1375 1571  1.833 1375 1571  1.833
0.7 6.2 4.0 2.2 7.9 5.3 3.1 9.9 6.8 4.1
0.75 9.2 6.3 3.8 11.8 8.1 5.0 14.7 10.1 6.4
0.8 13.3 9.1 5.8 17.1 11.6 7.4 21.9 14.6 9.3
0.85 19.1 12.9 8.3 25.2 16.6 10.5 31.4 20.0 12.6
0.9 27.7 18.1 114 38.3 23.7 14.6 41.5 25.1 15.3
0.95 42.0 25.5 15.6 53.4 30.6 18.2 56.8 31.8 18.7

1 70.0 37.1 21.4 76.2 39.0 22.1 82.8 40.9 22.8

x7 TEEMHERITEENERL

Table 7 Total equivalent damping ratio for moderate earthquake design with a seismic fortification intensity of 7

AL 4
T,/T=1.0 T,/T=1.1 T,/T=12

T/ T B I 1375 1571  1.833  1.375 1571  1.833 1375 1571  1.833
0.7 5.4 3.5 17 7.0 4.6 2.6 8.8 5.9 3.6
0.75 8.2 5.5 3.2 10.4 7.1 4.4 13.0 8.9 5.6
0.8 11.8 8.1 5.0 15.1 10.3 6.6 19.1 12.9 8.3
0.85 16.8 11.4 7.3 21.9 14.6 9.3 27.0 17.6 11.1
0.9 24.0 15.9 10.1 32.4 20.6 12.9 34.8 21.8 13.5
0.95 35.3 22.2 13.8 43.8 26.3 16.0 46.1 27.2 16.4

1 55.5 315 18.7 59.5 32.9 19.3 63.7 34.3 19.8
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Table 8 Total equivalent damping ratio for moderate earthquake design with a seismic fortification intensity of 7.5

7 s %
T,/T,=1.0 T,/T,=1.1 T,/T,=1.2

/Ty % 1L 1375 1571 1833 1375 1571 1833 1375 1571  1.833
0.7 5.2 3.3 1.6 6.7 4.4 25 8.4 5.7 3.4
0.75 7.8 5.2 3.1 10.0 6.8 4.2 12.5 8.6 5.4
0.8 113 7.7 4.8 145 9.9 6.3 18.3 12.4 7.9
0.85 16.1 10.9 7.0 20.9 14.0 9.0 25.6 16.8 10.7
0.9 22.9 15.2 9.7 30.7 19.7 12.4 32.9 20.8 13.0
0.95 334 21.2 13.2 41.1 25.0 15.3 43.2 25.8 15.7
1 51.7 29.9 17.9 55.1 31.2 18.4 58.8 324 18.9

x99 SEEMHPEIRITEENMERL

Table 9 Total equivalent damping ratio for moderate earthquake design with a seismic fortification intensity of 8

AL Y
Ty/T=1.0 T,/T,=1.1 Ty/T,=12

/T i bt 1.375 1.571 1.833 1.375 1.571 1.833 1.375 1.571 1.833
0.7 5.0 3.2 15 6.6 4.3 2.4 8.2 5.6 3.3
0.75 7.6 5.1 3.0 9.8 6.7 4.1 12.2 8.4 5.3
0.8 11.1 7.6 4.7 14.2 9.7 6.1 17.9 12.1 7.8
0.85 15.7 10.7 6.8 20.4 13.7 8.8 25.0 16.5 10.5
0.9 22.3 14.9 9.5 29.9 19.3 12.2 32.0 20.3 12.7
0.95 32.5 20.7 13.0 39.9 24.4 15.0 41.8 25.2 15.3

1 49.9 29.1 17.5 53.1 30.3 18.0 56.5 31.5 18.5

3 EfIRTSEILIER

3.1 EHIRMT

A3 AR T 2 L2 % (1-FVD) (B R 2
#(2-FD) A BHJE % (3-MY D) 1 T F2 28 451 ) &7
b B AR R AT A B U B o B A T B
W10,

PLFR 10 1Y 1-FVD R 6l 2E 47 56 B, vl 355015
T,./T,=081,T,/T,=0.449/0.45=1. Fi ] b
A2 A AL R M Sl 1/400 W, AT 3B B L

Fx10 HEIRER
Table 10 Working condition information of the calcula-

tion examples

Helgs wpisiE [0, T, T, BT,
1-FVD 8(0.3g) 1/564  0.449 0.45 0.365
2-FD 8(0.2g) 1/642 0.561 0.65 0.458

3-MYD 8(0.2g) 1/737 0.653 0.65 0.573

[0 ]/[0.,J=(1/400)/(1/564) = 1.41, P 1t 7T AR 445
Ph b B dis 2 ) i {8 % 8 i B8 th #E [1.375, 1.571] |
Ty/T, 78 (0.8, 0.85) [ B , 3T 5 & %5 2L B JE Lk
11.52% , B BHJE . 6.52% .

Al B 5 L 3R 11, e B 3-MY D 4547
K F 1.833, i A8 & B JE bb mT 3 i Bk 37 K i =X
(10) A= (7)755] .

F11 EHIERE

Table 11 Results statistics of the calculation examples
BOHS  T/Ty To/Te [0w])/[00] C/%
1-FVD 0.81 1 1.410 11.520
2°FD 0.82 1 1.605 8.412
3*MYD 0.88 1 1.842 8.229

32 HERIERR

H J 4D T U B 58 I AR SCAHfE R e O A g S8
e, LU 3-MY D Sy 1] - 23 531 1 35 S/ N e A (X
T B I R R AR R (YY) R IR A BELJE e A AR
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(Z) W fT fk 5 bR B2 AR 2R 19 KT b 72 52 i R 805 /0
R R KT 3 R 52 0 F 800300 0.16,0.45; R RE R
Je ek 8.229 04 1 ik AR AR 40 T UL 12, Ho b NI 5
M ZECH ax/ay SBHJE M RECH ax/ay.

F12 HFEBIETEHE

Table 12 Supplementary verification data

B 2 = a S ALES QWS A UERS

X 0.004 842 009
Y 0.003 741 196
Z 0.003 170 477

1.294 241 049  1.180 010 279

B bz ) v B AR R A X T N R iR
0.45/0.16, H. i iz BH J& #& H . M 32 B8 450 A 45 1 7228 JF
Sy D
(0.45+0.16) /(1.294 241 049 X 1.180 010 279)=

1.841584 =0, | /[ 0., J1HIE

4 HR5RZ

(1) % Stk 1T A% & v B R e B P e
SR s — T GHE SR B 1Y — BRE A AT R R B AR R
R AN T B P R SR s — SR R A 5Y g il R rp R
PRV B LR 5 — o X85 g 554 1 1 BY g i A2
AR HEREEER

(2) #e5 T PORAE T 5 B B R 5T H 5
TR o R R B N A RS B B N A A A
BLBHJE A B A 2

(3) 3l Ao [] HsF 9] 3% B BEL 2 R &5 44 W 2 45 v
R 3R W AR TN AT AT o AR SCREME ST T
FI H B R R PR BEL R T SR 5 454 2 R0 A% 1 B 2
JE R R K T/ T MR R o HAFE R, X
R 38 7 2R DX K ] 1 45 4, v 2 BRI BEL 2 BE 2=t B
UK IVER 8751 8

(4) e Ja 45 i TSR BE B SR i ff fb ik &
R BB i 2 % ks . T H F AL
T 3 3 A7 A vk 2B i BN BELJE B I 4R
R R .

R B T Y ER O A BT R TR N S AR
AR SCALMAG N 3 R A B L vh 7 B JE 75 5K 5 5 4
JERL R R B AL R R R T/ T, KR A
JESEAT TG, AR B, ik R R
R BT AT R R s I £ . YA
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T BELJE T G — s B 0 | B R R O O R B,
WA o 20 SR AR AR B2 AR T 7 i 1 1A i B A
B it T, DR % Hp 2 )= DAL B A BR E A 3k
B, L e o 455 TR 22 0, A5 48 BRAT A 5% b o A1 1
ARBGERHI LA b 235 W E o 5 SER K B AT IR
FH Fb 2 B i i i A 5 TR o 0 55 2 A R R S
F18 T 2 A ) A
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