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Abstract

Earthquakes are unpredictable, causing not only human casualties but also
tremendous economic impact on the affected area. To reduce any loss by earthquakes,
most countries in high-seismicity regions have proposed their disaster mitigation
strategies and emergency counter-measures. In these countries, the seismic design codes
were revised several times according to the state of the art in earthquake engineering, in
order to prevent buildings from severe damage during earthquakes. Programs of
strengthening or replacing old buildings have been created and carried out, notably for
pre-earthquake code buildings.

For buildings, different seismic design criterions or seismic retrofit criterions could
induce different building construction cost, retrofit cost, and earthquake loss. Life-cycle
cost analysis could be employed to evaluate the trade-offs between construction cost,
retrofit cost, and earthquake loss, helping engineers make an optimal decision. With the
support of life-cycle cost analysis, this study determines a seismic design criterion, the
importance factor I, and seismic retrofit criterions of a reinforced concrete fire
department building.

The framework of such life-cycle cost analysis comprises the estimates of building
service period and costs data, seismic hazard curve, and structure fragility curves. The
costs are considered to be composed of the initial construction cost, retrofit cost, and the
earthquake loss. The earthquake loss includes the building repair cost, contents loss,
loss from fire truck damages, wage loss from casualties, debris disposal cost, relocation
expenses, and loss caused by interruption of building functions.

The study shows the earthquake loss and the life-cycle cost may be reduced by



raising the seismic design or seismic retrofit criterions of buildings. For a new fire
department building, the life-cycle cost reaches its minimum when the importance
factor I is 2.1, which is considered an optimal criterion of seismic design. But while the
difference between the life-cycle cost of | = 1.5 (suggested by the current seismic design
code) and that of I = 2.1 is quite small, one may select | = 1.5 to design the fire
department building; especially when the building construction budget is the planners’
concern.

For a 30-year-old fire department building whose seismic capacity is half what the
code suggests, the optimal seismic retrofit criterions are 1.1 to 1.5 times what the code
suggests if the service life of the building remains 10 to 40 years. There is also quite
small difference between the life-cycle cost with the optimal seismic retrofit criterions
and that with the criterions the code suggests. The latter appears acceptable for the

planners, especially for those who concern about the retrofit budget.

Key Words: fire department building, life-cycle cost analysis, seismic design criterion,

seismic retrofit criterion, importance factor, earthquake loss
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R ARG (MAEF BSHE) P FREFFEA TR ZEEE o W
B AR SR > R A AN BT RFE RS 5
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B N AT RARR I RARR T o A R g BT EaARF (50 483
PRESTRFRRL SR Ee) REA o BV B AR AR o
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SEAOC) % # 2 Vision2000 ¢ 4 » Fif T i S o~ F R85~ B p &> g
TR K32 I DB BB AR o Vision 2000 Bk w B A S BN B
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i7%3% (Near Collapse) > HAFTA2R 2 &y it 3dr 4 321 977 v fi RE % ¢
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oo AU AT FH A3 T2 E NAT5 EE OT0 E 2B R Z Z A PR A
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ES Bf 4 p & (Safety Critical Objective) » A %|if * - &z A ~ — LA A#H/E 2
RGERP BER/F EETRBEAF o o Vision 2000 kil pEEHE 4
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BLZRFPE2ZMETEGE I 2 BRI P REaB A0 s T
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M Bt BSO Me#r3) *24] B #% (Limited Objective) » B 7 223% 17 5 312 A
$2 %3P AR o FEMA 273 chlh it B {52 4 > 4p 020 ] 3.2.2 - 2 2% ATC-40 > 7 §
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%L’iﬁa‘;}%i; RS (2T 22850 1=125) M AF P45 -

P (PRI AaFBanitA b2 ER8Z2HF 2 G A%

331 mF 2 AF B BRI R

FREEHBEF T AR R FERF IR BRI R R RERETEE
Ay BRAEEEGERIRPARR > 7S & F 2B KK TR
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2. % BAR e R E A > i £ s 404 3.3.1(0) 4 o

3.3.2 i fmt AT AR

Py 2000 EARE A F v Rar 4 R 2 AR S R[15] c A S L A R 4
MR B A R AT 0 N FE AL A RK I RF[68]F B
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apts2 a4 RETIIAE (A )
Lop 2 fbapyafr £ 60800 %

A, = A g x| (3.3.1)

2e 5 A

jurs 2 LHEWEFH ATE B2 B Rp A hE R o | B ke
2. A fapt gy 21 A E 50 &sﬁ s iR 2 (2 F 020 £)
PAZARES T 10%E (T2 B A RPRwFY 4TS E2 B RE A AER -

T iy &UT & P AR S 10% v (T
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HeY > kEA* 0303 0452 fF » 5 %= gtk # B 0.30[69] » ¥
A, =a, xI (3.3.4)

FEA 52008 F B B[R T A B E AR 2K
Hat B HOR& @ #9350 &2 372 A E%
lZzfpzmpins U dhdR AT Hafga 4 ,@@lﬂ_‘?ﬁﬁ?ﬁ}’ 475 & 2
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o XTIz EARBEE PR 23 ERAFE Bk o
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AIURH LR AT o T RA R ERR LY 0@ L LWRZLEY ST W
42.1:
1i¢ % #52 (Service Life) : A (B4 ) % 51 Bipd 23ved - vp)g

RAZE M A PR R EE R oo

2. %% & * &1 (Reference Service Life) 2R+ (s ) 2308 - 30 &4

o
‘“):

FERIEE G R* IR gy s FH R 2T
3. %3+ * &' (Estimated Service Life) : 24 (B4 ) 23na - 30, 24

FHE G aod AFEETHF R B R PE R EED - BP A

q_
R TR e E Lo

4.3 3+ * &+ (Design Service Life) k3 F a8 ~ & fenig * &0

5.7F R * # '3 (Predicted Service Life) @ i ¥ % 414 it AZ B P& B 979 Sochig * &
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¥R BT R A (Seismic Hazard Curve)» a4 7w 1 htz b Airdfe i & d
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RFBEE AR Y (YFDP 2 Ed) LM GBER &% BETER A E L0l
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B i 2T SAFRDARFEG s 47h F[9] - Bt - RETRA
177 4 % EiEE e R 5T R A 45 (Deterministic Seismic Hazard Analysis, DSHA ) £
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&
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BN e BT R AR i 4 % T o

44 ZRF LAY &
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LR EEAS N RS TR AL R AR TE AL T 2R 2

AWK ¥ BHT FRIZH S AHE L 4 & (Fragility Curve) i%

ﬁx.

B gy o B P

Ay T ARADRERS > D ERAP R B RIEY 5RO

v

THRAEGL BT KB RF AR Sk T [85] e s i 1A HT

L R g R e I 2 i T AR R 0 A 5 BT (dsy)~ BEAC

30



e

(dsp)~ ¥ BR4pZE

_’j E

2

3o

SRR
[114,122] -

R R
A9 SRR T i
WA AR - B
RS SR D 3 4
o S e R BRI
% 50%z B o %242

JRAT S

=k

b

e

7

SRS ARBLERS B

FA
GEiReh S

TR SR NED R
TR B BT

2 ark T H R

R TE S 42T

BRI 4o 441 #1 7 o

442 3AFiEd M2 T &

A R AR M R T R S (Ao PGA S 8 &

%#ﬁh@*

A LA T enhAEd M[86,87] KA 2 KM

TR B AR

F B rl s

R AT F L d, P

Pb82¢X=ﬂ=®{24n
B

ds

(ds3)~ BcEdpE (dsy) &

W

B R A T PR RG] B

i¥3[86]° iVA F_l

X
X,

=2 E (dss) ¥ 1 EaFTR i -

G i [B6,87] 7 v JroAE T AL B S A

Bl REEELS RREFT 0 TEHEG

%?ﬁﬁ%HToﬁ&ﬁ%ﬁ%%ﬁ}@ﬁ%%éiﬁﬁiﬁ’ﬁ

D ARG S K6 5%T 20%2 o BeE 4R

AERFARIMNEZHRET IR > BRT T & 20%

):
*fm}t

FAZEE B A A 50% o x v AR 53R R
AT T P
ﬁﬂﬁﬁ%°ﬁ&%ﬁﬁ%%’%&ﬁi@

- A 58 E

$E

i

Eomgdd ot &

94

SET NS

7All

LB AT A A

e“é

S SEE LA IS A A RINAEAE
o IR A
4 a2ty 4R B

-

BAFFAL I B A ES AKT

TR E)
PR T A AR 5 -

FF;—'..

BRI E FEX=XPFF AT

Fa A

)

(4.4.1)

31



X AP RE R S8 LA ¥E wwPGA F -
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75T AR WR 2 )},;}E’]V}dz Mt B REAFEAP L *&H#F? s 5 o

"PGA TER 2 A4 3 AF I e Remh S depr > BT R E TR A PGA
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A=A+ m A) (4.4.4)
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HBlme 2@ BRVARG !

A =04S 1 ¢ (4.4.5)

I RE AR MFERXE TSN AL E

L R4 Rk S

A=T gm0 (4.4.6)

=7F, ° (4.4.7)
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(1)- 451 bh 2T E7 %
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Xa oo FREAPEFARL A PR ($F4432) ERAPREL LD EAL
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M, +05M, +gM, =M. (4.4.12)
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® % 09M, > Bl :

m+0.5n+q=1.2m+n+1 (4.4.13)

g=1+0.2m+0.5n (4.4.14)
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BWO : /| 4l 2 8N SUFH 2 v A2 B 4 > domib ~ AH ol # e o 8
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ERBAT T RT NPE[86]

5 5
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1994# 17 17p APE31A £ B4V 3 B0 TP AP E1BT B A
BRESE Ak RE2332x K Tk 2 H P 776 B L L E 2511112 4
§AFCRE 0 53 &5 R 15100047 A8 - 1005517 17 p 5464 P A
Al BB 3 BAS10R N3 4 1751 L Medp HHK7,3864 - 1 Y 7581579,108
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304 B X L o] > MPGAXMMIE R 5 %fic > £iF - M - meanigiplt o
4w E S 2 CHAZUSE (7 udder ) % o [86,148-150]

i 2P ERPEZRN LR RERT R FP g2 E R 2 p Y
RSN RIERIES 0 AR B HOT RS NPT R R T B R ER
RS g At E K S kB BB Rl G A MR 25
Ljek 1471492 %2 5 F 2 AV 532 B 7 T2 B o fide Ve

(1)- Azt g (5 g Azt g
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F, = 0.0029PGA - 0.0047 (5.2.23)
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Period

12.1.2010
26.12.2004
2-5.5.2008
28-30.4.1821
8.10.2005
12.5.2008
July-Aug 2003
July-Sept 2010
20.6.1920

8-18.12.1990

% 1.1.2

Period

11.3.2011
25-30.8.2005
17.1.1995
12.5.2008
17.1.1994
6-14.9.2005
May-Sept 1998
27.2.2010
23.10.2004

23-27.8.1992

7

Event

Earthquake
Earthquake, tsunamis
Cyclone Nargis, starm
surge

Tropical cyclone,
siomm surge
Earthquake
Earthgquake

Heat wave, drought
Heat wave

Earthquake

Landslides. flash
floods

Event

Earthquake, tsunami
Hurricane Katrina,
storm surge
Earthquake
Earthquake
Earthquaks
Hurricane Ike

Floods

Earthquake, tsunami

Earthquake

Hurricane Andrew

L X A A

2 % RE LE# (1980-2011) [1]

Affected Area

Haiti: Port-au-Prince, Pationville, Jacmel, Carrefour,
Leogane, Pett Goave, Gressier

Sri Lanka, Indonesia, Thailand, India, Bangladesh,
Myanmar, Maldives, Malaysia

Myanmar: Ayeyawaddy, Yangon, Bugalay, Rangun,
Irrawaddy, Bago, Karen, Man, Laputta, Haing Kyi
Bangladesh: Gulf of Bengal, Cox's Bazar, Chittagong,
Bola, Moakhali districts, esp. Kutubdia

Pakistan, India, Afghanistan

China: Sichuan, Mianyang, Beichuan, Wenchuan,
Shifang, Chengdu, Guangyuan, Mgawa, Ya'an
France, Germany, Kaly, Poriugal, Romania, Spain,
United Kingdom

Fussian Federation: Moscow region, Kolomna,
Mokhovoye

Iran: Caspian Sea, Gilan province, Manjil, Rudbar;
Zanjan, Safid, Qazvin

enezuela: Wargas. La Guaira Punta de Mulatos,
Miranda, Mueva Esparta. Yaracuy. Colombia

Affected Area

Japan: Honshu, Aomeori, Tohoku; Miyagi, Sendai;
Fukushima, Mito; lbaraki; Tochigi, Utsunomiya
LUSA: LA, New Orleans, Slidell; MS, Biloxi,
Pascagoula, Waveland, Gulfport

Japan: Hyogo, Kobe, Osaka, Kyoto

China: Sichuan, Mianyang, Beichuan, Wenchuan,
Shifang, Chengdu, Guangyuan, Mgawa, Ya'an

LISA: Morthridge, Los Angelss, San Femando Yalley,
“entura, Orangs

USA, Cuba, Haiti, Deminican Republic, Turks and
Caicos lslands, Bahamas

China: Jangtsekiang, Songhua Jiang

Chile: Bid Bid, Concepcién, Talcahuano, Coronel,
Dichato, Chillan; Del Maule, Talca, Curico
Japan: Honshu, Niigata, Ojiya, Tokyo, Nagaoka,
‘Yamakoshi

LSA: FL, Homestead; LA; Bahamas

105

Owverall losses

Insured losses

US$ m, original values

2,000

10,000

4,000

3.000

5,200

85,000

12,500

400

7,100

3,200

X ARE U E i (1980-2011) [1]

Overall losses

200

1,000

100

300

20

100

220

Insured losses

US$ m, original values

210,000
125,000
100,000
85,000
44,000
38,300
30,700
30,000
28,000

26,500

~30,000
2,200
3,000
300
15,300
18,500
1,000
8,000
780

17,000

Fatalities

222570
220,000
140,000
136,000
88,000
24,000
70,000
56,000
40,000

30,000

Fatalities

15,500
1322
£.430

84,000

&1
170
4159
520
45

62



%113 w4+ hrgorE e (1980-2011) [1]

Overall losses  Insured losses
Period Event Affected Area Fatalities
US% m, original values

12.1.2010 Earthoquaks Haiti: Port-au-Prince, Peticnvillz, Jacmel, Camrefour, 8,000 200 222 570
Leocgane, Petit Goave, Gressier

26.12.2004 Earthquake, tsunamis Sri Lanka, Indonesia, Thailand, India, Bangladesh, 10,000 1,000 220,000
Myanmar, Maldives, Malaysia

8.10.2005 Earthquake Pakistan, India, Afghanistan 5,200 5 88,000

12.5.2008 Earthoquaks China: Sichuan, Mianyang, Beichuan, Wenchuan, 85,000 300 24,000
Shifang, Chenagdu, Guangyuan, Ngawa, Ya'an

20.6.1990 Earthquake Iran: Caspian Sea, Gilan province, Manjil, Rudiar; 7,100 100 40,000
Zanjan, Safid, Qazvin

26.12.2003 Earthquake Iran: Bam 500 19 26,200

T7.12.1988 Earthquake Armenia; Spitak, Kirowakan, Leninakan, Stepanavan. 14,000 25,000
Turkey

17.8.1989 Earthquake Turkey: lzmit, Istanbul, Gélcik, Kocasli, Sakarya, 12,000 600 17,118
Yalova

11.3.2011 Earthquake, tsunami  Japan: Honshu, Aomaorn, Tohoku; Miyagi, Sendai; 210,000 ~30,000 15,500
Fukushima, Mito; lbaraki; Tochigi, Utsunomiya

26.1.2001 Earthquake India: Gujarat, Bhuj, Ahmedabad, Surat. Fakistan, 4,500 100 14,970

Sindh province

% 114 =+ <G44 2+ 2% & (1980-2011) [1]

Overall losses  Insured losses
Period Event Affected Area Fatalities
Us$ m, original values

11.3.2011 Earthquake, tsunami  Japan: Honshu, Aomaorn, Tohoku; Mivagl, Sendai; 210,000 ~30,000 15,500
Fukushima, Mito; lbaraki; Tochigi, Utsunomiya

17.1.1985 Earthquake Japan: Hyogo, Kobe, Osaka, Kyoto 100,000 3,000 6,430

12.5.2008 Earthquake China: Sichuan, Mianyang, Beichuan, Wenchuan, 85,000 300 84,000
Shifang, Chengdu, Guangyuan, Ngawa, Ya'an

17.1.1994 Earthquaks USA: CA, Northridge, Los Angeles, San Femando 44 000 15,300 61
Valley, Ventura, Orange

27.2.2010 Earthquake, tsunami  Chile: Bio Bio, Concepcion, Talcahuano, Coronel, 30,000 8,000 520
Dichato, Chillan; Del Maule, Talca, Curico

23.10.2004 Earthquake Japan: Honshu, Migata, Ojiya, Tokyo, Nagaoka, 28,000 Te0 45
Yamakoshi

21.9.1999 Earthquake Taiwan: Manfou, Hsinchuang, Taichung, Puli, Touliu, 14,000 50 2,368
Yun-lin, Chunghwa

T7.12.1985 Earthquake Armenia: Spitak, Kirowskan, Leninakan, Stepanavan. 14,000 25,000
Turkey

16.7.2007 Earthquaks Japan: Migata, Kashiwazaki, Magacka, Sanjo, 12,500 335 11
Tsubame, Joetsu, Ojiva, lzumozaki, Kariwa

17.8.1995 Earthquake Turkey: lzmit, Istanbul, Golciik, Kocaeli, Sakarya, 12,000 600 17,118
Yalova
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A 1.23 1.16 1.07 1.03 1.00
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(D)~ ¥ & ¥ B2 A FEFF
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% 3.25(a) FEMA273 234 5% iR 583 & 2 0 M i S e 2 R & f-00

Modeling Parameters® Acceptance Criteria®
Plastic Rotation Angle, radians
Component Type
Residual Primary Secondary
Plastic Rotation Strength
Angle, radians Ratio Performance Level

Conditions a b C o LS CcP LS cCP
i. Beams controlled by flexure!
ppt | TE | _ T
Phai ) b“,a’NLf;
=0.0 C <3 0.025 0.05 0.2 0.005 0.0z 0.025 0.02 0.05
=00 C =6 0.02 0.04 0.2 0.005 0.01 0.02 0.02 0.04
=05 C <3 0.02 0.03 0.2 0.005 0.01 0.0z 0.02 0.03
=05 C 26 0.015 0.02 0.2 0.005 0.005 0.015 0.015 0.02
=00 NC =3 0.02 0.03 0.2 0.005 0.01 0.02 0.02 0.03
=00 NC =6 0.01 0.015 0.2 0.0 0.005 0.01 0.01 0.015
=05 NC <3 0.01 0.015 0.2 0.005 0.01 0.01 0.01 0.015
=05 NC 26 0.005 o.M 0.2 0.0 0.005 0.005 0.005 0.01
ii. Beams controlled by shear’
Stirrup spacing = di2 0.0 0.02 0.2 0.0 0.0 0.0 0.01 0.0z
Stirrup spacing = ai2 0.0 o.M 0.2 0.0 0.0 0.0 0.005 0.01
ili. Beams controlled by inadequate development or splicing along the s;]-an'l
Stirrup spacing = di2 0.0 0.02 0.0 0.0 0.0 0.0 0.01 0.0z
Stirrup spacing = ai2 0.0 0.0 0.0 0.0 0.0 0.0 0.005 0.01

iv. Beams controlled by inadequate embedment into beam-column joint!

0.015 0.03 0.2 | 0.01 | 0.01 | 0.015 | 0.02 | 0.03

1. When more than one of the conditions 1, 1, 12, and Iv ecews for 2 glven compeonent, use the minimum appropriate mmeriezl value from the fable

2. Under the headmz “Transverse Reinforcement ™ “C" and “WNC™ are abbreviations for conforming and nenconforming datails, respectively. A component
13 confornung 1f) within the flaxural plastic rezion, closed stirups are spaced a1 < d'3, and 1f, for compeonents of meoderate and high duetihity demand, the
strength provided by the stomups (7)) 15 at least three-fourths of the desizn shear. Otherwise, the component is considered noneonforming.

3. Limear mierpolation between values listed m the table 12 pamutted.
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# 3.2.5(b) FEMAZ273 2 3Rdn #4058 2 1% 2 3 P4 i Sl a0 R & fqr

Modeling Parameters® Acceptance Criteria®
Plastic Rotation Angle, radians
Component Type
Residual Primary Secondary
Plastic Rotation Strength
Angle, radians Ratio Performance Level

Conditions a b c 10 LS CP LS CP
i. Columns controlled by flexure’

P Trans. ¥
ir Reinf.= T

o bd [
=01 c <3 0.02 0.03 02 0.005 0.01 0.02 0.015 0.03
<01 c 26 0.015 0.025 0.2 0.005 0.01 0.015 0.0 0.025
=04 Cc <3 0.015 0.025 0.2 0.0 0.005 0.015 0.010 0.025
=04 c = 0.01 0.015 0.2 0.0 0.005 0.01 0.0 0.015
=01 NC <3 0.01 0.015 02 0.005 0.005 0.01 0.005 0.015
<01 NC =6 0.005 0.005 - 0.005 0.005 0.005 0.005 0.005
=04 NC <3 0.005 0.005 - 0.0 00 0.005 0.0 0.005
=04 NC 26 0.0 0o - 0.0 00 0o 0o 0.0
ii. Columns controlled by shear'?
Hoop spacing < df2, 0.0 0.015 02 0.0 00 0o 0.01 0.015
or =01

Al
Other cases 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
iii. Columns controlled by inadequate development or splicing along the clear height'->
Hoop spacing = gf2 0.01 0.02 0.4 1 1 1 0.01 0.02
Hoop spacing = 4i2 0.0 0.01 0z 1 1 1 0.005 0.01
iv. Columns with axial loads exceeding 0.70p,
Conforming reinforcement overthe | 0.015 0.025 0.02 0.0 0005 0.001 0.0 0.02
entire length
All other cases 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1. When more than ons of the condrtions 1, 12, 111, and 17 ocowrs for a zrven component, nse the mimmmnm appropriate numerical value from the tabla.

2. Underthe heading “Transverss Remforeement,” “C and “NC™ are abbreviations for conforming and noneonformmez datals, respectively. A componant
1s conforming :f, within the flexural plastic hinge region, closad hoops are spaced at £43, and if for components of mederate and high ductility demand
the strength provided by the stivmps (7)) is at least three-fourths of the design shear. Otherwise, the compenent 1s considered nonconformms.

3. To qualify, hioops mmst not be lap spliced in the cover conerets, and hoops must have hooks embedded m the cove or other details to enmurs that hoops
will b= adequately anchored following spalling of cover conerate.

4, Linear nterpelation batween valuaes listed in the table is permited.

114



% 3.25(c) FEMA273 234 %R 583 % 2 0 M i S e 2 R & f-00

HLFRER
Modeling Parameters* Acceptance Criteria®
Plastic Rotation Angle, radians
Component Type
Residual Primary Secondary
Shear Angle, Strength
radians Ratio Performance Level
Conditions d e c 10 LS CcP LS cp
i. Interior joints
P Trans. V.
T Reinf! | 7 7
Agj:, v,
=01 C =1.2 0.015 0.03 0.2 0.0 0.0 0.0 p.02 0.03
=01 C =15 0015 0.03 02 0.0 0.0 00 0.015 0.02
=04 C =12 0.015 0.025 0.2 0.0 0.0 0.0 0.015 0.025
=04 C z145 0.015 n.02 0.2 0.0 0.0 0.0 0.015 0.02
=01 MNC =1.2 0.005 0.02 0.2 0.0 0.0 0.0 0.015 0.02
=01 MNC 215 0.005 0.015 0.2 0.0 0.0 0.0 0.01 0.015
=04 NC <12 0.005 0.015 02 0.0 0.0 0.0 0.01 0.015
=04 MNC =15 0.005 0.015 0.2 0.0 0.0 0.0 0.01 0.015
ii. Other joints
P , Trans. v
2 oo — 3
.{gf; Reinf. Vﬁ
=01 C =12 001 0.02 02 0.0 0.0 00 0.015 0.02
=01 C =15 001 0.015 02 0.0 00 0.0 0.01 0.015
=04 C =12 001 0.02 02 0.0 0.0 0.0 0.015 0.02
=04 C =15 001 0.015 02 0.0 0.0 00 0.01 0.015
=01 MNC £12 0.005 0.01 02 0.0 00 0.0 0.005 0.01
=01 NC =15 0.005 0.01 02 0.0 0.0 0.0 0.005 0.0
=04 NC =12 0.0 0.0 - 0.0 00 0.0 0.0 0.0
=04 MNC =15 0o 0.0 — 0.0 00 0.0 0.0 0.0

1. Underthe headimg “Transverss Reinforeemant,” “C™ and “WC™ are abbrevations for conforming and nonconforming detasls, respectively. A joint i3
conforming if closed hoops are spaced at < 3 within the joint. Otherwise, the component is considered nonconformimg. Alse, to qualify a: conforming
details under i, hoops must not be lap spliced in the cover conerete, and must have hooks embedded in the core or other details to ensure that hoops will
be adequately anchored followmz spalhing of cover concrate.

2. Tlus 1z the ratio of the desizn axal force on the column above the joint to the product of the zross cross-sactional area of the jount and the concrate
compressive swength The desizn amal force 13 to be caleulzted wsmg linnt analy=iz procedures, as described 1 Chaptar 3.

3. This 1 the ratio of the desizn shear force to the shear strength for the jeint. The design shear force i to be caleulated sccovding to Section 6.5.2.3,

4. Linear mterpolation between values listed m the table is pemitted.
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% 3.3.1(a) v}*k[67]ﬁ=‘;142 ot ik 2 T
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%441 F00 ST R Y s AR TR SR
watiE | my RimE Ayt gt (9)
B | R LA | BES | KA ifi X % Y %
3 2
( A E&]) (m ) Ay,x Ad,x Rx Ac,x Ay,y Ad,y Ry Ac,y
1 |k A& 67 1,033 3 10.078|0.115|2.174| 0.143|0.087|0.129|2.199| 0.160
N9l
2 | B KRR 81-86 7,778 12 10.111|0.169|2.045| 0.227{0.122|0.176 |1.885| 0.230
(¢ &A1)
BiES 5 81-87 3,769 13 |0.100|0.170|2.400| 0.240{0.089 |0.220|3.944| 0.351
4 |AEF A 71 912 4 10.107]|0.150|1.965| 0.183{0.118|0.158 |1.793| 0.190
&40 Fy
5 | & X fEI0 85 7,344 13 |0.127|0.187|1.945| 0.247{0.093|0.179 |2.849| 0.265
(= ATF)
6 | FAIIF 66-67 1,200 4 10.070|0.108|2.380| 0.136{0.135|0.229 | 2.877| 0.294
w37 R
7 # i Ff " 66 1,420 4 10.073]0.123|2.839| 0.158]0.281|0.387|1.897| 0.470
(ﬁ? NEPA }‘})
8 [ A 65 2,465 0.057|0.065|1.281| 0.073{0.111|0.143|1.577| 0.175
9 |} AT 67-75 1,312 4 10.048|0.069|2.066 | 0.085/0.051|0.076|2.221| 0.095
N = ¢ FR
10 LG o I‘E\ y 65 1,484 4 10.045]0.069|2.351| 0.087{0.046 |0.071|2.382| 0.089
(MEA )
11 | KP4 1% 80 8,243 7 10.126|0.246(2.905| 0.366/0.165|0.340| 3.121 | 0.515
12 |54’ 76 1,675 3 ]0.117|0.145{1.536| 0.168/0.208|0.295|2.011 | 0.362
13 |= L@ g 67-69 6,429 4 10.303|/0.321|1.122| 0.338/0.325|0.335|1.062 | 0.345
14 | P LA R 40 231 1 10.077{0.077|1.000 0.077|0.248 {0.248|1.000 | 0.248
15 |x# & 1f 64 315 2 10.217|0.337|2.412| 0.424/0.234|0.364 | 2.420| 0.459
R § &
16 N ,,rf . 74 5,275 6 |0.214|0.332(2.407|0.418/0.236|0.347|2.162| 0.430
(&£&=A~T1F)
L 4ke 5
17 [ 64 685 1 10.439(0.606|1.906| 0.736|0.436|0.864 |3.927 | 1.141
(&%~ 15 )
Br (A s BHE S S B Rapb2 af il 4 o
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# 451 P AFRTFEGUFELR LR EE Y SR L e SR G i
5 B 3 % [95-98]
¥ (F~/m’) Wb (TR EE)
*ig B ER 1~5 6~12 13~16 17~
2008 1.990 2.330 2.770 3.160
FED 2009 2.400 2.810 3.340 3.810
o ] 2010 1.990 2.330 2.770 3.160
2011 2.034 2.381 2.831 3.230
2009 2.210 2.530 3.070
)z 2010 1.830 2.100 2.550
2011 1.870 2.146 2.606
. 2009 2.210 2.610 3.000 3.130
s 2010 1.830 2.170 2.490 2.600
" v 2011 1.870 2.218 2.545 2.657
ALIEB 2B LHREF C FRF -
%452 2X2RIELEFGERINEIP S AT AR5 R HiE[94]
Hiy (F~/) oA i
* g B 1~5 6~9 10~15 | 16~17 | 18~21 | 22~25
A F 5.7-6.3 | 6.5-7.8 | 7.8-8.3 | 8.4-9.1 | 9.3-9.9
o3 ¢ R 5.6-6.2 | 6.3-7.6 | 7.6-8.2 | 8.3-9.0 | 9.2-9.8
- % % 55-6.1 | 6.2-7.5 | 7.4-8.1 | 8.2-8.8 | 9.0-9.7
L% 55-6.1 | 6.1-7.4 | 7.3-8.0
A % 4.2-45 | 5561 | 6.3-75 | 7.5-7.9 | 8.0-8.8 | 9.0-9.7
- ¢ 41-44 | 54-6.0 | 6.1-7.4 | 7.4-7.8 | 7.9-86 | 8.8-9.6
- % % 4.0-42 | 5359 | 6.0-73 | 7.3-7.7 | 7.8-85 | 8.8-9.5
L% 3.9-40 | 53-57 | 59-7.2 | 7.2-7.6

# 453 7 FE AL RS HEIEE SR -4 R R #i& (2007) [100]

WA (KB EH) 1~5 6~10 11~20 21~

i ( ~/m?) 8,010 8,811 9,372 10,013

Lohdagnnm i hde =15 2 2 A4 -
RAVE JIEE G ¥ o
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%454 43033 (ATEE (LERK) SRS IR H AT 050 i
(2010) [101]

¥ (F~m?) W (B L K E)
EHEE 1~5 6~10 | 11~15 | 16~20 | 21-25
¥ 1.96 2.52 2.83 3.10 3.40
¥ 2.22 2.86 3.21 3.52 3.86
¥z 2.81 3.61 4.06 4.45 4.87
AAHAER S g P RIS FERETFAEPHIGE

% 455 4w HATAERAS Y 5 A5 REL Hi$ (2008) [102]
p

Wi (§ =) s
AT ow B
N N %%7“‘ %blﬁ] :_rf #i/ib Ef%‘ %"T”,’ - a
e & R B |3 49 |3 B | T ED
54
1 5.2 4.9 4.4 4.3 4.6
2 5.5 14 4.7 4.6 4.9
3 5.9 5.6 5.1 5.0 5.3
45 6.2 6.0 53 5.0 5.3
6~8 7.4 6.9 6.1 6.0 6.2
9~10 7.8 2 6.4 6.2 6.5
11~12 8.4 7.8 6.9 6.8 7.1
13~14 8.6 8.0 7.2 7.1 7.3
15~16 9.6 9.0 8.1 8.0 8.3
17-18 10.8 10.2 9.2 9.1 9.4
19~20 11.9 11.2 10.3 10.2 10.4
21~ 13.2 11.9 11.0 10.8 111
2 rr B3 5 ERT -
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% 456 4R EI ATZHL IR KL

4k 2L
/L»F

[103]

1 4238 B (%)
Bk 1 AR 1.5~3.8
BH1A (FA¥14) 31.4~52.7
kT B 14.0~23.7
#0314 19.9~27.9
g4 2.3~9.7
FoKIE# 42 0.6~1.0
BB A2 0.1~2.3
3P IE 1 0.2~4.4
H i 2.0~7.9

#4601 &7 SRR P RS A RAT R

it g e &
A TR e RS g | sipu
Ax | gps e | Q) Nmpew| (@ |s5e» | wat
X Y| &4 Cy 5 X Yo | Co | *aCs
Acx | Acy | () Acx | Acy | (B =~) | (F =)
] RC ¥ 4 # 0.373/0.430| 1374 | 1265
1 |[xpAar 0143|0160 479.7
Wik AL 0.429]0.481| 3044 | 28938
Y RC ¥ 4 4 0.494]0.458| 18782 | 1703.0
2 |E7 IR 0070 0.230| 57204 ol i
B BT RC ¥ 4 4% ¥4 |0478|0.459| 20305 | 1846.8
3 |mgEan (0240|0351 34472 |mairz ¥ 0.541|0.647| 9641 | 7268
R Sk
4 i’% 1,; ;g’i 0.247|0.265| 65485 |# i~ ¢ 0.470|0.463| 2386.2 | 15825
5 |#%4m (01360204 5819 |mi=% 0.433/0.376| 237.1 | 199.4
e RC ¥ 4 # 0.361/0.552| 270.9 | 190.8
6 |#=° K |0158]0470| 7342
i 0.381/0.472| 3159 | 2356
7 |wmam 03660515 6155.8 |44l 0.475|0515| 1433 | 68.7
8 |#=~mi (01680362 8394 |RC¥ 43 0.385/0.399| 2164 | 17338
9 |Bmuar |0077)0248) 1081 |m s 0.411/0.391| 816 | 583
gor [FREIRIT S AW E (2004) 2§ 2 R
Pl gt Co? cHEBRET CRFTHY a1mEDY
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£ 521 HAZUS 232 SHf 4 5 222 e P 3SMA A7 R AT TR T df
L0t (3 8)

AP 5 B LT ME24 4 DR (%)
EAED | PR | EREFT | 22 H 3
R 03 1.8 9.0 17.9
ek B AR
- i ii’;;% 210 49 14.8 49.3
GOVL | ArM oo ami s
‘»TQ N 'jf%""”g?‘ﬁ;” 0.7 3.3 16.4 32.8
SFHEE
hIRPA A 1.0 5.0 25.0 50.0
: Sk 0.3 15 7.7 15.3
T T
ErR | e 1.0 5.1 15.1 505
COVE & F e paep a2
YN 0.7 3.4 17.1 34.2
L FiEHEE
N R A 1.0 5.0 25.0 50.0
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% 523 HAZUS:#Z#®k2 % R4 T RE Tz p b= F (3Fs)

B | Bigisn E R B- % (%)
Pl TR 2 w1 S, S, S S
C1L/CIM/C1H
PR C2L/C2MI/C2H 0.05 0 0 0
C3L/C3M/C3H
C1L/CIMICI1H
Y RAEZ C2L/C2MIC2H 0.25 0.030 0 0
3 C3L/C3M/C3H 0.20 0.025 0 0
p\ C1L/C1IM/C1H
i BREZ C2L/C2MI/C2H 1 0.1 0.001 0.001
= C3L/C3M/C3H
IS
Tl amge C1L/CIM/C1H
& C2L/C2M/C2H 5 1 0.01 0.01
” C3L/C3M/C3H
C1L/C1IM/C1H
EAE i =4
51 C2L/C2MIC2H 40 20 5 10
' C3L/C3M/C3H
C1L/C1IM/C1H
YRR D C2L/C2MI/C2H 0.05 0.005 0 0
: C3L/C3M/C3H
) C1L/CIM/C1H 0.0001/0.0002 | 0.0001/0.0002
s}
4 Bt coLicamicon | 0-1/0-2/0.3 | 0.01/0.02/0.03 /0.0003 /0.0003
. - 0.0002/0.0004 | 0.0002/0.0004
N C3L/C3M/C3H | 0.2/0.4/0.6 | 0.02/0.04/0.06 10,0006 10,0006
- C1L/CIMIC1H
2 i3 CoLiCoMIcar | 222125 0.5/0.7/1 0.1/0.2/0.3 0.1/0.2/0.3
C3L/C3MI/C3H | 2.7/3/3.3 1/1.2/1.4 0.2/0.3/0.4 0.3/0.4/0.6
[l AdHdan] CL A4 MRt 4% - C2 R4 LR T4 4524 5882 1% - C3

GRSV ECER Py S £
[b]% 2472 = CIL/CIM/CIH 2 ig#: & 5 13%/10%/5%  C2L/C2M/C2H 2_ i5)# % % 13%/10%/5%
C3L/C3M/C3H 2 5|35 % % 15%/13%/10% -

%524 TELES##%z 4 FAF T RE TN G- 5 (3F)

B s L AL =% (%)

F I 55 St Sy S3 Sy
AR 0.02 0.001 0 0
i 0.2 0.02 0.002 0
BREHFT 1 0.5 0.1 0.01
2T C1L/C1IM/C1H

N i ﬁ Ez 71412 5.6/3.2/1.6 | 4.2/2.4/1.2 | 3.5/2/1
ENE

x sl 10/8/6 8/6.4/4.8 | 6/4.8/3.6 5/4/3

[a]= >4 2 & CIL/CIM/CIH z i3 5 5 20%/15%/10% -
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£525 TELES##H2 4 BRIk * 2R A v %A (41,000 T+ 22 )
R PR | "R | Bp &
Resl | oz 83 | 22.2 16.7
Res2 | M % % ke~ F 5 - 56 | 16.7 111
Coml| F 2o P 4?35 Behi | 400 | 100 40.0
Com2 | Tk ~ R4ET o ~ 722z 400 | 50 10.0
% 4R NJE - N 2t N s~ B N N
Com3 ;,;}i f;}%};’i:@( .ﬁﬁ FRER 500 | 100|400
Coma | % #+ 333 | 20.0 25.0
Comb | B %z ~ B2 H - = @itz 25 | 02 25
IndL | 16 ~ & % 1 A& 16.7 | 6.7 6.7
Agrl | 528 L2 - L%7* 5 & 100 | 0.2 0.2
Rell | % ¥ 2% « 2 ¥ 125 | 02 1.0
Govl | Frfis i 333 | 1.0 5.0
Edul | fz 2 1000 | 1.0 5.0
Eoup | B8 FFIE RS G S LERTE Y 500 | 02 | 100
A
% 526 ZHAPHi+5 ﬁ%ﬁ%%ﬁl FEE
sy | ° WP E e EE (kg/m)
o | mH | mae | mE | 2me R | mm | AH | &y
iz | 92 | 1322 | 125 1 2 17 | 1,558
#5981 A| 90 | 1179 | 99 10 2 17 | 1,397
2 |72 | 125 | 1399 | 106 1 17 | 1,649
F4| 106 | 1445 | 219 2 17 | 1,790
mifis | 24 | 165 | 464 | 99 10 2 17 | 756
mg 24| o0 0 792 1 110 | 903
g |24 | 21 | 704 | 660 1 176 | 1,563
AMEig |24 0 0 101 1 440 543
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% WRcs . = Wawo . =
! (T/1000ft%) | YR BT 2 (T/1000ft?) e YR | RE ) R
¥3 | #2 | F3 | #2 ¥3 | #32 |H3 | #2
C1 98 0 5 33 100 0 0 0 0 100
L
‘: s Cc2 112 1 8 35 100 0 0 0 0 100
C3 90 0 4 32 100 20 5 25 60 100
C1 4 0.1 8 28 100 5.3 1 7 35 100
LR
’f?—‘jﬁ C2 4 0.1 10 30 100 5.3 1 7 35 100
C3 4 0.1 10 30 100 5.3 1 7 35 100
%528 TELES#ZHz S stz A2 o fE®2 AT RET 2
B A A (3Esr)
EHA RCS BWO
Py L | FEEREZRAF [ | tHIRELRAF
E i . 23w E (%) i B3 E (%)
B & (ﬁ’,ﬁé) R 7R | RE | 22 ("Tvm‘z)) k| TR | BE | %
* i w3 |2 | F3 | #2 ¥3 | #2 | #3 | #2
ClL 33 40
2 ’[‘#,ﬁ X CiM 1.13 0 5 30 100 0.09 5 15 35 100
C1H 27 30
el
2| g1l 0.03 0.12
1‘# Govl 0.4 4 40 100 0.8 8 40 100
| A
N 0.06 0.12
= P

%529 HAZUS = TELES 22 7 F4F I R T2 A4 B R PR (d54F)

EH L BHAKEFIREZBRPE (p)
* ig ERIEZ PEFE BEF T ]
GOV1 10 90 360 480
HAZUS GOV2 10 60 270 360
TELES | Govl 5 60 240 480
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# 5210 ATC-13 23k 2z i 7 I Rt # av fRAp &

5 e A e

A (%)

FE LA S 1Y Kq’ﬁ.jy""l‘%" TapER (P )

FIAE (TaE) 30% 60% 100%
Slight 0-1 (0.5) 2.2 4.1 5.1
Light 1-10 (5) 5.8 9.5 18.2

Moderate 10-30 (20) 22.8 325 60.4
Heavy 30-60 (45) 47.1 79.4 134.9
Major 60-100 (80) 93.7 175.1 256.1

Destroyed 100 (100) - - 346.8

#5211 T@EaEp Ry ERRELR

P 1 CF e 7S sl iR
1z e T fEE o
TR 2% L RETF Lo
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LEmEg 4 54200 o B33 > B3 AP A 4 ﬁ ¥ ¥,
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% 6.1.1 %:‘”"r‘ ﬂ’/(f‘]’/ﬁ 7 & /ﬂ A4 F Z\—lf”/ﬁ 7 TIE‘?’ #’i‘lﬁoﬁﬁiﬂ ¥ l% B

8 # Hy (F~) | &E | (F~) 3
WATZ 2096.0 1 2096.0 |30 =% Z 4B
iy 8 ka2 239.0 4 956.0 A
KRB 560.0 1 560.0
Py Fe gL o 150.2 1 150.2
S 69.0 1 69.0
R 2
iﬁ;,l‘ﬁfk LY 67.5 2 135.0
e Bh 70 s B 5.3 6 31.8
fEE | - BRI FGED 79.2 2 158.4
&3 18 4156.4
%612 H#7 XX FRFEG IR
P L #;‘wfr &G
S| - Al | RGAE | e Ak MPEA () X =
2005 | 68 0 0 0 204.4 7,280
2006 | 53 0 0 0 311.3 8,119
2007 | 50 2 1 0 328.4 9,460
2008 | 43 1 3 0 305.5 10,390

% 6.21 TELES 3Rz 4vid RATE A 2R 2 and 41 PSS

g EITRETZ R T E RSP E (Q)
AR 2 PRI BEA D EAE 4
® R 0.6 1.2 1.8 2.4
ot RR 3 0.5 1.0 1.5 2.0
M R T 0.4 0.8 1.2 1.6
i R K 0.4 0.8 1.2 1.6
ERT AL N ETER e R EIRE L5 0.66 -
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%622 JPREMIEY R GEEKTFLE BHATE (Hig~/s)
EREAEA BRI L (ERF 0P B L)

2p 2L 4 A

f;f f ,,f a2 A RN T HERRIE ,’;Z;%f_g}} R
# I) A S q}# " MA . ﬁ - BA ¥ 31;71 A sEek L[ gEeh A | gl k| 3E ek A s #E%

EiIE EiIE FiE FiE 4 @9}_%‘3 : RNV RRS #H #H
RE RN N N R R E

1.0 10.56| 21.01| 3.18| 14.70f 7.61| 1.63| 2.96| 61.65| 0.12| 24.31| 23.42| 24.82| 72.67| 134.32
11 8.19| 16.34| 2.39| 11.12| 5.71| 1.24| 2.28| 47.27| 0.09| 1890 21.13| 22.11| 62.23| 109.50
1.2 6.48| 12.96 1.83 8.59 4.38 0.96 1.78| 36.98 0.07| 14.97| 19.19| 19.93| 54.16| 91.14
1.3 5.17| 10.36| 1.42| 6.69] 3.38/ 0.75| 1.41| 29.19| 0.06] 11.93| 17.53| 18.14| 47.66| 76.85
14 4.19 8.42 111 5.30 2.66 0.60 1.13| 2341 0.05 9.65( 16.04| 16.61| 42.35| 65.76
15 3.42 6.89 0.88 4.22 2.10 0.48 0.91| 18.90 0.04 7.88| 14.73| 15.30| 37.95| 56.85
1.6 281 5.68| 0.70, 3.40f 168/ 0.39| 0.74| 1540 0.03| 6.45| 13.54| 14.17| 34.19| 49.59
1.7 2.34 4.74 0.57 2.77 1.36 0.32 0.61| 12.71 0.03 5.35| 12.53| 13.24| 31.15| 43.86
1.8 196| 398/ 046| 227/ 111 0.26/ 0.51] 1055 0.02| 4.46| 11.59| 12.40| 28.47| 39.02
1.9 165/ 336/ 038/ 187 091 0.22| 042 881 002 3.73] 10.72| 11.65| 26.12| 34.93
2.0 1.40 2.86 0.32 1.56 0.75 0.18 0.36 7.43 0.02 3.16 9.98| 11.02| 24.18| 31.61
2.1 120/ 245 0.26/ 130/ 0.62| 0.5/ 0.30| 6.29] 0.01| 2.68] 9.28 10.43| 22.40| 28.69
2.2 1.03 2.10 0.22 1.09 0.52 0.13 0.25 5.34 0.01 2.28 8.64 9.91| 20.84| 26.18
2.3 0.89 1.82 0.19 0.92 0.44 0.11 0.22 459 0.01 1.96 8.06 9.43| 19.46( 24.05
2.4 0.77 158/ 0.6/ 0.79] 0.37| 0.09| 0.19| 396/ 0.01| 1.69| 7.54] 9.02| 18.26| 22.22
25 0.67 1.38 0.13 0.67 0.32 0.08 0.16 341 0.01 1.45 7.05 8.63| 17.14 20.55

%623 JPREAVIEYRGERFIFZA GED S ATE (Hix: Fa/e)

(i;fgf.) SR gk I TSN
1.0 134.32 140.33 274.65
1.1 109.50 143.14 252.64
1.2 91.14 145,95 237.09
1.3 76.85 148.75 225.60
1.4 65.76 151.56 217.32
15 56.85 154.37 211.22
1.6 49,59 157.17 206.76
1.7 43.86 159.98 203.84
1.8 39.02 162.79 201.81
1.9 34.93 165.60 200.52
2.0 31.61 168.40 200.01
2.1 28.69 171.21 199.89
2.2 26.18 174.02 200.20
2.3 24.05 176.82 200.87
2.4 22.22 179.63 201.84
2.5 20.55 182.44 202.98
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% 6.24 2k b 2fciE 10% R 2 DS A2 B

% S A hFH AR (%)

ERPAhEE S A C 6.26
RSP A R EC, 0.12
W d g EC, 0.54
ERF AR N RS R FRREE ST,
e 0.28
ERABATREEIW, B E 2 £ g2+ 4 C, 0.06
TR PR R B i FATO HE o AL C
RERFBRABET,, 0.11
PR ER VA YFLA S R R R S
% %3 AFL, 0.00
$fﬁﬁw*\k&NEF LT 3aE e U S4F 2 PFL &

B ABBD S L LA TS AFL, 085
PR R FN R R RS R B
R NDS, & # flaeB £ 6T & Tioa 0.89
IEMSR
R@?%%%ﬂﬁﬂdﬁmﬁﬂﬁ%%ﬁ*ﬁﬁi
% R #cP NDS, & I B £ E & T 8 235 0.90
= F lewse
AP0 &2 F FFR 2.65
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# 625 FEYPREIRRY ENEFEHEL A GRS A (Him g ~/e)
f*ﬁ w R FRERAP R EOUEE 2 S A FREASR T B4 SR A A
"Z?I #% 1 10 | 20 | 30 | 40 | 50 | 60 | 80 | 100 | 10 | 20 | 30 | 40 | 50 | 60 | 80 | 100
1.0 |134.32|454.75|255.32|190.16|158.56|140.33| 128.75| 115.54| 108.69| 589.07|389.63| 324.48| 292.88| 274.65| 263.07| 249.86| 243.01
1.1 |109.50|463.85|260.42|193.97|161.73|143.14|131.33|117.85|110.87|573.35|369.92|303.47| 271.23| 252.64| 240.83| 227.35|220.37
1.2 | 91.14|472.94|265.53|197.77|164.91|145.95|133.90|120.16| 113.04|564.08| 356.67| 288.91| 256.05| 237.09| 225.04|211.30| 204.18
1.3 | 76.85|482.04|270.64|201.57|168.08|148.75|136.48|122.47|115.22|558.89| 347.48| 278.42| 244.92| 225.60| 21.3.32|199.32| 192.06
1.4 | 65.76|491.14|275.74|205.38|171.25|151.56|139.05|124.78| 117.39|556.90| 341.50| 271.14(237.01|217.32| 204.81|190.54|183.15
1.5 | 56.85|500.23|280.85|209.18|174.42(154.37|141.63|127.09|119.56|557.09| 337.70| 266.04|231.27|211.22| 198.48| 183.95| 176.42
1.6 | 49.59|509.33|285.96|212.98|177.59|157.17|144.20|129.40|121.74|558.92|335.54|262.57| 227.18| 206.76|193.79|178.99|171.33
1.7 | 43.86|518.42|291.06|216.79|180.76(159.98|146.78|131.71|123.91|562.28|334.92| 260.65| 224.62| 203.84|190.64|175.57|167.77
1.8 | 39.02|527.52|296.17|220.59|183.93|162.79|149.35|134.03| 126.08|566.53|335.19| 259.61| 222.95| 201.81| 188.37|173.04| 165.10
1.9 | 34.93|536.61|301.27|224.39|187.10|165.60| 151.93|136.34| 128.26|571.54|336.20| 259.32| 222.03| 200.52| 186.86| 171.26| 163.19
2.0 | 31.61|545.71|306.38|228.20|190.28| 168.40| 154.50| 138.65| 130.43|577.32|337.99|259.81|221.89|200.01 |186.12170.26162.05
2.1 | 28.69|554.80|311.49|232.00|193.45|171.21157.08|140.96| 132.61|583.49|340.17|260.69|222.13|199.89185.76169.64|161.29
2.2 | 26.18|563.90|316.59|235.80|196.62|174.02|159.65|143.27| 134.78|590.08|342.77|261.99|222.80|200.20 | 185.84169.45160.96
2.3 | 24.05(572.99(321.70|239.61|199.79|176.82| 162.23|145.58| 136.95|597.04|345.75|263.66| 223.84|200.87| 186.28| 169.63| 161.00
2.4 | 22.22|582.09(326.81|243.41|202.96|179.63|164.80| 147.89| 139.13604.30|349.02 265.63| 225.18|201.84|187.02(170.11| 161.34
2.5 | 20.55(591.18(331.91|247.21|206.13|182.44|167.38150.20| 141.30|611.73|352.46 |267.76| 226.68|202.98| 187.92(170.75| 161.85
%626 MEPPRETIBITAFIEFHEL2 pEP A (Hin: go/e)
’*;ff W | PRARFEHEH LS8 N CELE I RN S NP
"’(f{ 2| 25% | 50% | 7.5% | 10.0% | 25% | 5.0% | 7.5% |10.0%
1.0 134.32| 140.33| 218.02| 306.74| 401.42| 274.65| 352.34| 441.06| 535.74
1.1 109.50] 143.14| 222.38| 312.87| 409.45| 252.64| 331.88| 422.37| 518.95
1.2 91.14| 145.95| 226.75| 319.01| 417.48| 237.09| 317.88| 410.15| 508.62
1.3 76.85| 148.75| 231.11| 325.14| 425.51| 225.60| 307.95| 401.99| 502.35
1.4 65.76| 151.56| 235.47| 331.28| 433.54| 217.32| 301.23| 397.04| 499.30
1.5 56.85| 154.37| 239.83| 337.41| 441.57| 211.22| 296.68| 394.27| 498.42
1.6 49.59| 157.17| 244.19| 343.55| 449.59| 206.76| 293.78| 393.14| 499.18
1.7 43.86| 159.98| 248.55| 349.68| 457.62| 203.84| 292.41| 393.54| 501.48
1.8 39.02| 162.79| 252.91| 355.82| 465.65| 201.81 291.93| 394.84| 504.67
1.9 34.93| 165.60| 257.27| 361.95| 473.68| 200.52| 292.20| 396.88| 508.61
2.0 31.61| 168.40| 261.63| 368.09| 481.71| 200.01 293.24| 399.70| 513.32
2.1 28.69| 171.21| 265.99| 374.22| 489.74| 199.89| 294.68| 402.91| 518.42
2.2 26.18| 174.02| 270.35| 380.36| 497.76] 200.20| 296.53| 406.54| 523.95
2.3 24.05| 176.82| 274.71| 386.49| 505.79| 200.87| 298.76| 410.54| 529.84
24 22.22| 179.63| 279.07| 392.63| 513.82| 201.84| 301.29| 414.84| 536.04
2.5 20.55| 182.44| 283.43| 398.76| 521.85| 202.98| 303.98| 419.31| 542.40
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# 6.3.1

LiE 2 R’

#

FPREN R AERF LB BFAFE (H:
(A 58 AW 5 R

ERTED

BREAMEA

BRI 2 (2 A4+ it @ BT 4 )

M5 A s O - R e L g Rit% A& 3
A P vk A I I Tl I I Al i T 3.1 2 IO Bty
TENCE ) P . ’}#—” A j#{, 5~ F:i‘“ﬁ’*" p v DT e, TR v #F%
B2 5 su:}’FJ‘ #Fﬁ{ #ELJ{ #ELJ{ Q‘F'i\ A iﬁ‘)\ g_;p]" L g_;p]"/\ g;{»}k g;{»}&
‘ ‘ ‘ ‘ —r R SRS S
0.5(x#=)| 36.76| 68.73| 12.69| 56.28| 32.03 5.77 9.13| 221.39 0.32| 65.01| 31.33| 34.57| 131.23| 352.62
0.6 2581 46.78] 829 3721 2064] 3.90] 6.44] 149.07] 024 47.98] 28.60] 31.03| 107.85| 256.92
0.7 1831 32.14] 554 2510 1381] 2.65] 4.43] 101.99] 016] 33.58] 2455 25.84| 84.13| 186.12
0.8 13.40| 22.93 3.84| 17.49 9.55 1.86 3.15| 72.21 0.12| 24.09| 21.35| 22.03| 67.58| 139.79
0.9 10.01| 17.47 2,75 12.49 6.77 1.35 2.28| 53.14 0.09| 17.70| 18.71| 19.09| 55.60| 108.73
1.0 7.64| 14.22 2.05 9.11 4.92 1.01 1.69| 40.63 0.06| 13.20| 16.53| 16.84| 46.63| 87.26
11 5.92| 12.68 1.69 6.78 3.64 0.79 1.27| 32.76 0.05| 10.01| 14.65| 15.02| 39.72| 72.48
1.2 466 1255 166] 5.12] 274 o065 097] 28.36] 004] 7.74] 1310] 13.60] 34.47] 6282
1.3 3.73| 1255 1.66 3.94 2.09 0.55 0.75| 25.27 0.03 6.04| 11.74| 12.42| 30.23| 55.50
14 301] 1255 166] 3.06] 162] 047 o059 2296] 002] 477 1054] 11.41] 26.74] 49.70
15 245 1255 166] 241] 127 o042 o047] 2122] 002] 382 953 1050 2395 4517
1.6 2.02| 12.55 1.66 1.91 1.00 0.37 0.38| 19.89 0.02 3.07 8.61 9.86| 21.55| 41.45
17 167 1255 166] 153 080 034] 030 1887 001] 250 7.82] 925 1959 38.45
(byif 5 3 3 5 k3 16 » &7
BRGANE A FREAMTL (EAFHL Y $4)
N YA -
P BAE|FRRAE| R AR 2R signwr | RE ¥R
(!‘/{ i P oy % 5 |oRiE L 2L %5 F £ 2L 4
w oz | A | BB MAE | 24 B | EAF ) 3 il wra prTere PrTeTE P &3 4
R I o B I P P D L L
A |G | Napa | e
50 7.64| 14.22 2.05 9.11 492 1.01 1.69| 40.63 0.06| 13.20| 16.53| 16.84| 46.63| 87.26
40 9.08| 16.18 247 11.15 6.03 121 2.05| 48.16 0.08| 15.88| 17.88| 18.22| 52.06| 100.22
35 10.06| 17.53 2.77| 1255 6.82 135 2.29| 53.37 0.09| 17.71| 18.76/ 19.15| 55.71| 109.07
30 11.26| 19.24 3.14| 1431 7.79 1.53 2.60( 59.87 0.10{ 20.04| 19.75| 20.22| 60.11]| 119.98
25 12.90] 22.03] 367| 1675] 913] 179] 3.02] 6929 011 23.14] 2099 2161| 6585| 135.14
20 15.10] 26.09] 4.42| 2010 11.01] 23] 359 8244| 013] 27.40] 2254 23.41| 73.49| 155.93
15 18.44| 32.42 5.59| 25.31| 13.92 2.67 4.48| 102.84 0.17| 33.91| 24.68| 26.00| 84.75| 187.59
10 2417| 4359] 7.68| 3452 19.00] 3.63] 6.02] 138.70] 022] 4508 27.78] 29.93| 103.01] 241.71
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XA E (Hi=:g~/le)

(%fizéfgg;) I ik A A BTN G Py S Y
0.5(* # i) 352,62 150.62 0.00 503.24
0.6 256.92 150.62 10.95 418.49
0.7 186.12 150.62 21.90 358.64
0.8 139.79 150.62 32.85 323.26
0.9 108.73 150.62 43.80 303.15
1.0 87.26 150.62 54.75 292.62
1.1 72.48 150.62 65.70 288.80
1.2 62.82 150.62 76.65 290.09
13 55.50 150.62 87.60 203.72
14 49.70 150.62 98.55 298.87
15 45.17 150.62 109.49 305.29
16 41.45 150.62 120.44 31251
1.7 38.45 150.62 131.39 320.47
(b » &125 15 &
(%fizéfgg;) FREAA | gdA | iEdc [2eapia
0.5(* # i) 352,62 140.91 0.00 49353
0.6 256.92 140.91 7.74 405.56
0.7 186.12 140.91 15.48 342,51
0.8 139.79 140.91 23.22 303.92
0.9 108.73 140.91 30.96 280.60
1.0 87.26 140.91 38.70 266.86
1.1 72.48 140.91 46.44 259.83
1.2 62.82 140.91 54.18 257.91
13 55.50 140.91 61.92 258.33
14 49.70 140.91 69.66 260.27
15 45.17 140.91 77.40 263.48
16 41.45 140.91 85.14 267.49
1.7 38.45 140.91 92.88 272.24
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%632 JPERE (c®* 30£)37 pafer 5245 R8T S bkl
FRPE (i gale) ()
()i * 2115 20 &

(%fizéfgg;) I ik A A BTN G Py S Y
0.5(A 4t 5) 352.62 133.31 0.00 485.93
0.6 256.92 133.31 6.15 396.37
0.7 186.12 133.31 12.29 331.73
0.8 139.79 133.31 18.44 291,55
0.9 108.73 133.31 24.59 266.63
1.0 87.26 133.31 30.74 251.31
11 72.48 133.31 36.88 242,68
1.2 62.82 133.31 43.03 239.17
13 55.50 133.31 49.18 237.99
14 49.70 133.31 55.33 238.34
15 4517 133.31 61.47 239.96
16 41.45 133.31 67.62 242.38
1.7 38.45 133.31 73.77 24553
()i » 215 25 &
(%fizéfgg;) WRIEA | dAh | amAA |2 eupEa
0.5(A 4t 5) 352.62 127.25 0.00 479.87
0.6 256.92 127.25 5.20 389.36
0.7 186.12 127.25 10.40 323.77
0.8 139.79 127.25 15.60 282.65
0.9 108.73 127.25 20.81 256.79
1.0 87.26 127.25 26.01 240,51
1.1 72.48 127.25 31.21 230.94
1.2 62.82 127.25 36.41 226.48
13 55.50 127.25 41.61 224.36
14 49.70 127.25 46.81 223.76
15 4517 127.25 52.01 224.43
16 41.45 127.25 57.21 225.91
1.7 38.45 127.25 62.42 228.12
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FRPE (K gale) ()
()it * 2115 30 &

(%fizéfgg;) I ik A A BTN G Py S Y
0.5(% 4t 3) 352.62 122.33 0.00 474.95
0.6 256.92 122.33 4.58 383.82
0.7 186.12 12233 9.16 317.61
0.8 139.79 12233 13.74 275.86
0.9 108.73 122.33 18.31 249.38
1.0 87.26 122.33 22.89 232.48
11 72.48 122.33 27.47 222.28
1.2 62.82 122.33 32.05 217.20
13 55.50 122.33 36.63 214.46
1.4 49.70 122.33 41.21 213.24
15 45.17 122.33 45.79 213.29
16 41.45 12233 50.36 214.14
17 38.45 12233 54.94 215.72
(aedge» 225 35 &
(%fizéfgg;) 2 ORATA Eid A A B T U G Py S Y
0.5(% 4 3) 352.62 118.29 0.00 470.91
0.6 256.92 118.29 4.14 379.34
0.7 186.12 118.29 8.28 312.69
0.8 139.79 118.29 12.42 270.50
0.9 108.73 118.29 16.56 24358
1.0 87.26 118.29 20.70 226.24
11 72.48 118.29 24.84 215.61
1.2 62.82 118.29 28.98 210.09
13 55.50 118.29 33.12 206.91
1.4 49.70 118.29 37.26 205.25
15 45.17 118.29 41.40 204.87
16 41.45 118.29 45.54 205.28
17 38.45 118.29 49.69 206.43
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%632 JrBs (e #% 30E )37 pHERY UL RHART I Y
FRPE (H g alE) ()

(%&izif%&) I ik A A BTN G Py S Y
0.5(% 4t 3) 352.62 114.93 0.00 467.55
0.6 256.92 114.93 3.82 375.66
0.7 186.12 114.93 7.64 308.69
0.8 139.79 114.93 11.45 266.18
0.9 108.73 114.93 15.27 238.94
1.0 87.26 114.93 19.09 221.27
11 72.48 114.93 2291 210.32
1.2 62.82 114.93 26.72 204.48
13 55.50 114.93 30.54 200.98
1.4 49.70 114.93 34.36 198.99
15 45.17 114.93 38.18 198.28
16 41.45 114.93 41.99 198.37
17 38.45 114.93 45.81 199.20

(h)#t 56 Jh 2 5 k3 ie * & 12

N 7 R 4k
40 87.26 114.93 19.09 221.27
35 87.26 118.29 20.70 226.24
30 87.26 122.33 22.89 232.48
50 25 87.26 127.25 26.01 240.51
20 87.26 133.31 30.74 251.30
15 87.26 140.91 38.70 266.86
10 87.26 150.62 54.75 292.62
40 40 100.22 114.93 16.62 231.77
35 35 109.07 118.29 16.51 243.87
30 30 119.98 122.33 16.40 258.71
25 25 135.14 127.25 16.26 278.64
20 20 155.93 133.31 15.99 305.22
15 15 187.59 140.91 15.28 343.77
10 10 241.71 150.62 12.90 405.23
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4633 B ERL (e @% 30# )N MY 2245 LR T 53 Y
Akt (Hi: §ale)

wiger £11
AR SRS £

10 15 20 25 30 35 40

0.5(A#¥3)| 503.24 | 493.53 | 485.93 | 479.87 | 474.95 | 470.91 | 467.55

0.6 418.49 | 405.56 | 396.37 | 389.36 | 383.82 | 379.34 | 375.66

1.3 293.72 | 258.33 | 237.99 | 224.36 | 214.46 | 206.91 | 200.98

1.4 298.87 | 260.27 | 238.34 | 223.76 | 213.24 | 205.25 | 198.99

1.5 305.29 | 263.48 | 239.96 | 224.43 | 213.29 | 204.87 | 198.28

7;3; 0.7 358.64 | 342,51 | 331.73 | 323.77 | 317.61 | 312.69 | 308.69
fé» 0.8 323.26 | 303.92 | 291.55 | 282.65 | 275.86 | 270.50 | 266.18
f 0.9 303.15 | 280.60 | 266.63 | 256.79 | 249.38 | 243.58 | 238.94
e 1.0 292.62 | 266.86 | 251.30 | 240.51 | 232.48 | 226.24 | 221.27
If; 1.1 288.80 | 259.83 | 242.68 | 230.94 | 222.28 | 215.61 | 210.32
:?: 1.2 290.09 | 257.91 | 239.17 | 226.48 | 217.20 | 210.09 | 204.48
B

&

1.6 312.51 | 267.49 | 242.38 | 225.91 | 214.14 | 205.28 | 198.37

1.7 32047 | 272.24 | 245.53 | 228.12 | 215.72 | 206.43 | 199.20
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