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/ABSTRACT/

In this study, we develop and propose damping correction factors for the Korean standard design spectra. The newly proposed Korean
standard design spectra has been given only for 5% damping ratio. But in practice, engineers need design spectra for damping values
other than 5%. To obtain design spectra for various damping values from the standard spectra, damping correction factors are derived.
These factors modify the shape of design spectra in accordance with the damping ratio. Response spectra for various damping values are
calculated from the earthquake records that had been used to calculate standard design spectra. They consist of 55 records from 18
earthquakes occurred in overseas intraplate regions and Korea. The regressed spectra for the damping values ranging from 0.5% to 50
% are compared with standard spectra at three regions acceleration, velocity and displacement sensitive regions. The regression analysis
of these data rendered formula for damping correction factors. Finally, a single formula for damping correction factors is recommended that
is valid for both horizontal and vertical design spectra and that is applicable to the entire range of periods. One thing to note that
recommended damping correction factors is valid for the design spectrum of the rock grounds because the design spectra was developed

based on the earthquake records of the rock ground.

Key words: Seismic design, Korea standard design spectra, Damping ratio, Damping correction factors, Damping factor, Regression
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Fig. 1. USNRC horizontal design spectra for various damping
values [1]

Table 2. Amplification factors for control points of horizontal spectra

(1]

2 = Alo|Emeke] WRIAA o Z-gEch =2 wAA 7GR Percent Amplification Factors for Control Points (g)

B AH)(2014) [9]0ll-= A2 2] ko] 74 7halH]of ke #3244 c of | Transition Period (second)
ritica

HEY AL T T

SHEY B RS A4S Table 17 o] efatal ik, Damping | T7a=1/33s To=1/9s Ts=2/7s T.=4s
. . . 0.5 1.0 4.96 5.95 0.74
Table 1. Damping factors, B for isolated bridges [9] 20 10 354 495 0.58
Equivalent Damping Ratio g (%) for Isolated Bridges 5.0 1.0 2.61 3.13 0.47
<2 5 10 20 30 7.0 1.0 227 272 0.43
B 0.8 1.0 1.2 1.5 1.7 10.0 1.0 1.90 2.28 0.39
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Fig. 2. USNRC vertical design spectra for various damping values

(1]

Table 3. Amplification factors for control points of vertical spectra

(1]

Percent Amplification Factors for Control Points (g)
Cri::]::al Transition Period (second)
Damping | 7.=1/33s To=1/9s Ts=2/7s T.=4s
0.5 1.0 4.96 5.67 0.49
20 1.0 3.54 4.05 0.38
5.0 1.0 261 2.98 0.32
7.0 1.0 227 2.59 0.29
10.0 1.0 1.90 217 0.26
2 AAAHNERS HE & AAJSEAL QI Fig. 137} Table 20fi= 7H4H]
o th 43 o le] A Ao 2R B AL
ek Fig. 12 ZHAMR7IEGE 1.0 gofl HisiA fak = 31ek Fig. 29}

Table 3ofli= 7h4]]ol] wh2 4:4] s= 0] A HolF7]oflA] 2=
& 712 AASkL 2t USNRC Q] 7|58 7441H] 0.5%9] aliA = A5
£ AL 9, 43} 4 AeEe HER AASHL olet. of
A1 7h4]0] Aol ] AulER ghe AR 17k s i

2.2.2 O]= AASHTO Guide Specifications for Seismic Isola—
tion Design [2]

AASHTO Guide Speciﬁcations for Seismic Isolation Design-2 7+
Aujo) Wh2 A AN EY GA} 7|5 74 Al4(Damping factor) S
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Table 4. Damping factors, B for isolation [2]

Damping (Percentage of Critical)
<2 5 10 20 30 40 50
B 0.8 1.0 1.2 15 17 19 2.0

Sq = (Sxs/Bs) (0.4 +3T/T,)

o Sa = Sxs/Bs
5

= 1 1

g 1 1

o 1 1

It I 1

® 1 1

o X . S, = Sx1/BiT
v

S Sx1/By == == - :‘ ': |
o |
g 04Sxs/Bs ! ! |
= | 1 !
= | 1 :
% L
wv ! ! 1

Period, T

Fig. 3. General response spectrum in FEMA 273 [3]

Table 5. Damping factors, B, and 5, in FEMA 273 [3]

Damping (Percentage of Critical)
(2 5 10 20 30 40 50¢
By 0.8 1.0 1.3 1.8 23 27 3.0
B, 0.8 1.0 1.2 1.5 1.7 1.9 2.0

2.2.3 NEHRP Guidelines for the Seismic Rehabilitation of
Buildings [3]

u]=-NEHRP Guidelines for the Seismic Rehabilitation of Buildings
(FEMA 273)0 A= Fig. 33} Table Sol/419} 20| 5:7]0i] wkzba] 7141714
S cheA AR} 9l o714 2 7k mo] WIztE 1o S0
SAn| &S ofulslil 5 & im0l Wk PN FEAG] Zaulg
& ehich 347 el 48 el sl 4 neble
el Toleka shck ek Aol A BAe 4 glk

2.2.4 Improvement of Nonlinear Static Seismic Analysis Pro—

cedures [4]

u]=F Improvement of Nonlinear Static Seismic Analysis Procedures
(FEMA 440)2] /3 71220l A= 4] (2) 2} o] & 7h4]uof chgh i<

3 Wel 2 252 AAskaL olrk
B= 4
ooy o @)

2] (2)=NHERP Recommended Provisions for Seismic Regulations
for New Buildings and Other Structures (FEMA P-750) [5]2} ATC-40
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Table 6. List of domestic earthquake records [15]
Name YEAR M/D HR/MN Magnitude EpiD (km) Station name

85.44 HUK

Hong island Earthquake 2003 0322 2038 4.9 16415 OP

199.20 BUS

) 199.10 CHJ

Offshore Uljin Earthquake 2004 0529 1914 52 YN DAG

168.22 DGY

7.52 DGY

144.77 BON

152.31 CEA

69.37 CHC

105.43 CHJ

104.51 CWO

Odaesan Earthquake 2007 0120 2056 4.8 1;2;2 I\Illcl:JNS

180.14 PHA

149.48 SEO

68.39 SKC

149.31 SWO

70.07 TBA

56.75 WJU

Offshore Sinan Earthquake 2013 0420 2321 4.9 187.02 GBI

] 101.48 GBI

ifsggzc;"rf’:gj:"g 2014 0401 0448 5.1 147.00 DEI

116.29 BAR




Table 7. List of overseas intra-plate earthquake records

(10, 1117 2:& 2071 50] AHg =51, T 2130
o B 2471505 34l

0] 112 712

o= EEAAAHER| ZAEFA S0 et ST

2 137) A0 B2 317 71502 A= oigick. Table 6] 1) 7|
A 7|5 SE s,

9] 2|7 7|22 Table 70 4=23}9Ic}.

9] 221715 0] 2o 8 HEE Fig. 40 Yelsioirk. A2 vt =
o] chSh £, o2k 121 QliEelA] bR A2 9 4 ek of 4 o] B8

Location Name YEAR M/D HR/MN Magnitude EpiD (km) Station name
108.10 ANL-768 Power Plant
Borah Peak, ID-01 1983 1028 1406 6.88
86.15 TRA-642 ETR Reactor Bldg
6.80 Site 1
Nahanni, Canada 1985 1223 6.76
22.36 Site 3
154.92 Quebec
America 37.77 Chicoutimi-Nord
Saguenay, Canada 1988 59
62.31 St-Andre-du-Lac-St-Jean
93.99 Les Eboulements
67.70 Carlo (temp)
Denali, Alaska 2002 1103 7.9
61.85 R109 (temp)
Mineral, Virginia 2011 0823 5.8 53.80 CWA
82.71 OLF
Europe Roermond, Netherlands 1992 0413 0120 5.3
103.49 WBS
Gazli, USSR 1976 0517 6.8 12.82 Karakyr
20.63 Dayhook
Tabas, Iran 1978 0916 7.35
55.24 Tabas
Manijil, Iran 1990 0620 7.37 40.43 Abbar
19.66 Chatrood
Iran 95.85 Bardsir
94.24 Sirch
Zarand, Iran 2005 0222 0225 6.4 53.28 Deh-Loulou
23.62 Qadrooni Dam
22.98 Shirinrood Dam
61.38 Davaran
India Koynanagar, India 1967 6.5 10.80 KNI

Denali, Alaska:

Borah Peak, ID-01: 3

Borah Peak, ID-02: 2

Nahanni, Canada: 3

Mineral, Virginia: 1

Saguenay, Canada: 4

Roermond, Netherlands:

e

10

Tabas, Iran: 2
Bam, Iran: 1
Zarand, Iran: 7

Koynanagar, India: 1

Fig. 4. Regional distribution of overseas intra-plate earthquake records
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Fig. 5. Distribution of domestic and overseas intra-plate earth-
quake records: (a) Frequency histogram w.r.t. magnitude,
(b) Frequency histogram w.r.t. distance
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Fig. 7. The shape of a typical displacement design spectrum

>

7N T3y, Ty, Al E|OlOF 8.2 7] 9)T. Fig, 7004 -2l 7,2 1)
B ollA o mﬂsw A S QJrie AL B4 9l

o QATNA 73, Ty, Ty, & 1) AHER0A] Als}t 7, 0] 1
el M ATE R0 2 2EAR 0,9 Hol] 7, 7,84
W QRS Afeal ik, T2l HAEHOIA ABABUSRSS) &
A5 2 asels U S AMgSlo] B o] seh] s i el 2
#Egol 4 11 grol Atk Hi 7, < T< 73, 042 gk 6, ek 3k
8, SR 7, 53} o] A8E 4= 9l o] AAAgI AT =Y
= 75 4= 9k

i)

> i

FALE-gol thaliAl 2zt ] of w2
o] Oéomt} 16 HﬂAHlOﬂ thafiAl 1670 A1
PGA=1.0g7} E|=& A7
Lu?&?%_i?n%ﬁk iy
7t . Zbpboll K 2] Zha]u)o w2
AHE F3 zol0] WSS ol 7aulo] v dAAEER S 73t 4
odck. AAsEERe] & whe] Wb 3 77 T < 7= T,
T, < T< T, T= T,94 2 730014 17 32} 7]l gk 22| = g
T Qlow FEskth o] Aol TR&mo] Izt el ok
< T< Ty, T=1.0% &2 N L7kl 7> T, oA T=4.0%,
el W21 A= oA A EY 3ho) SIS ARSI 2+
W2 7h4u]o] mh AHE 8 5% 7H4u]o) gk gho.R LieolA]
TFepstelc
ol YL ARA] Sl 2halu]o] e ARET Zho) 0| e 5
Q31 167 744 8el] chah Al 2 F7bukct 1671 dlofe] BH& @A . o] o
olE] 5221 23t HHof| TmAlE 4= 1AL, E SR %*‘AIEHH AR
7«741 T EET 4 QI AR A A& 2 bl e A
N3 9L, 27]0) A 7ol gt slue] 4 AN glk
%Xé Za|a|of thgt 22| A Al F-Alo] AIA W T 3k A1
HEgS Falol 1 7H4]ulo] gt AL E RS Bg 4 ol

ri E N

ox,



St=x|xIEss] =22 | 223 15 (E¥ M1205) | January 2018

Normalized Spectral Acceleration

0.0 01 1 10

Periods (sec)

Fig. 8. mean+ 10 Horizontal acceleration spectra for 16 damping
ratios

—05% —1.0%
6 —20% ——3.0%

Normalized Spectral Acceleration

Periods (sec)

Fig. 9. Regression analysis of horizontal spectra for 16 damping
ratios

QP A5t 5] ik Aol Wb S A A E R 3t 424
2o glo] Thgh 414 Ttk

74w 0.5, 1,2,3,4,5,6,7,8,9, 10, 15, 20, 30, 40, 50%°]| tfst
mean+ 1o 28 EH-S Fig. 8o A4tk

Fig, 801 A1) 25210 Z42fo] el 4,278 A a4
wlebt] SIREALS Aklslo] Z341ulo] whe ASE T HolEr]S Felo]
Fig. 99} Table 80l IStttk 215:7] Aol |2 7, — 3 22 alslelck

Fia 9o 2 ) 710 e A e

= AL E 4ok 17 027%4u]7}x¥£u}]b317%4u]7}inﬂ
= oAl Ae TR o 4= STk Fig. 99} Table 804 T sht 5712 &
Ao 7M7) ek 7& T, < T= T3 Z4ulo] me} grebaehs A
Ot} o] B2 TR AN S AAHET Tef9-27F5% ZHafvlef His-

of
ol
r
>.
)
m
o
o
=
N
L
2d
)
ol
ol

I FolF71E A The: A4 A

AGE ARSBIA ABER O] H7]9) FAFE AT 1 A} dojx|=

AALHEH L Fig, =

olgfat ZwiriA 1

7P eelAolehs 2 ;}# 314. et ol2fgh WHAke ARk e W
o= AT 485 A B A2 Lt ok

QbA A& ule} o] Fig. 92K E 7=0.2%, 7=0.1%, 7T=0.429]

A 2t o) t-g5ke AHEY Y 1S ¢lofA] 5% Fhalnlof tiek gre

2 Une 415 Table 90 AIAISHGIEE. o] oA 92l 7=0.129} =04

(0]
O
2
iy
2
R
e
é
[ o
18
fm

r
.

Table 9. Horizontal spectrum ratio at various periods and damping

Table 8. Parameters of horizontal spectra for 16 damping ratios ratio

Damping N Transition Period (second) Damping ratio Spectrum ratio for various periods

Ratio (%) 4 To Te T (%) 0.2s Is 4s
0.5 5.82 0.055 0.24 3 0.5 2.07 1.64 1.64
1 4.81 0.057 0.26 3 1 1.71 1.48 1.48
2 3.92 0.060 0.27 3 2 1.39 1.27 127
3 3.37 0.060 0.29 3 3 1.20 1.16 1.16
4 3.06 0.060 0.29 3 4 1.09 1.07 1.07
5 2.81 0.061 0.30 3 5 1.00 1.00 1.00
6 2.60 0.060 0.31 3 6 0.925 0.959 0.959
7 245 0.059 0.31 3 7 0.870 0.904 0.904
8 2.32 0.059 0.31 3 8 0.825 0.863 0.863
9 222 0.059 0.31 3 9 0.788 0.825 0.825
10 212 0.059 0.31 3 10 0.754 0.794 0.7%
15 1.79 0.056 0.32 3 15 0.636 0.674 0.674
20 1.57 0.056 0.31 3 20 0.559 0.590 0.590
30 1.31 0.053 0.31 3 30 0.467 0.484 0.484
40 1.17 0.051 0.29 3 40 0.417 0.404 0.404
50 1.08 0.047 0.27 3 50 0.385 0.346 0.346
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Fig. 12. Regressions curves for three period ranges: (a) for short
period, 7=0.2s, (b) for long period, 7=1.0s, (c) for both
short and long periods
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Fig. 13. Comparison of damping correction factors with those of
other design codes: (a) for short period, 7=0.2s, (b) for
long period, 7=1.0s, (c) for both short and long periods
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Fig. 15. Regression analysis of vertical spectra for 16 damping ratios

Table 10. Parameters of vertical spectra for 16 damping ratios

of= EEEAAHEZO| ZA2FA o0l cist A7

Table 11. Vertical spectrum ratio at various periods and damping ratio

Damping o Transition Period (second)
Ratio (%) A 7o Te T,
0.5 6.04 0.054 0.22 3
1 4.93 0.056 0.23 3
2 3.98 0.060 0.24 3
3 342 0.061 0.26 3
4 3.07 0.061 0.26 3
5 2.82 0.061 0.26 3
6 2.62 0.061 0.26 3
7 246 0.061 0.27 3
8 232 0.061 0.27 3
9 221 0.061 0.27 3
10 211 0.061 0.27 3
15 1.73 0.056 0.28 3
20 1.52 0.054 0.28 3
30 1.27 0.045 0.27 3
40 1.13 0.032 0.26 3
50 1.05 0.022 0.24 3
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Fig. 17. Regressions curves for three period ranges: (a) for short
period, 7’=0.2 s, (b) for long period, 7=1.0 s, (c) for both
short and long periods
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Fig. 18. Comparison of damping correction factors with those of other
design codes: (a) for short period, 7=0.2 s, (b) for long
period, 7=1.0 s, (c) for both short and long periods
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