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ABSTRACT:

In Taiwan, causes of high frequency disaster of mountain roads are typhoons, earthquakes, landslides,
debris flow, fragile geological and inappropriate land use and so on. Due to the location and environment of]
Taiwan, the frequency of nature disaster is high and the caused damages to the human life, properties and
highways are serious. Therefore, how to determine the bridge lifetime becomes a serious problem. This study
will also consider the visual aging (visible) and the potential harm (invisible) damage factor. Based on
calculate the frequency of the risk to reliability analysis and the risk of the bridge, management can
understand the possible risks and maintenance or management. This project selected Provincial highway
Route 24 from Sandimen to Adiri as study area in this year. The concept of slope unit combined with
environmental geology features was conducted to map hazardous road sections in our study area. This
mapping mainly based on the landslides risk estimated by the weight of evidences method. In addition, the
vulnerability of mountainous road is also considered. The analysis results could be the base for the following
monitoring planning and operation management. The work accomplished in this year including: 1.data
collection of major disaster events, 2.landslide inventory setup and hazard potential analysis of landslides,
3.establishment of database, 4.establishment of hazard potential map for rainfall-induced landslides,
5.influences of environmental factors and rainfall on mountain roads, 6.interpretation for large scale landslide.

Finally, benefits of this project are expected to: 1. The concept of slope unit has been proven an
efficient way to quantitatively evaluate hazard potential for mountain roads. 2.This study will also consider
the visual aging and the potential harm damage factor. Based on calculate the frequency of the risk to
reliability analysis and the risk of the bridge, management staff can understand the possible risks and
maintenance or management. 3. The study results of this project could be used as the base for the following
related research.
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2 2-10 {HFRHEFEL

e R EERE S

7

b AT i £ >100M SOM<ifs £ <100M i £ <50M
1 51 B S 1.855 1.855 1.855
2 513 A 1.351 1.351 1.351
3 P 2.591 2.545 2.424
4 513 iy 1.443 1.443 1.351
5 o A 3.608 3.487 3.487
6 % o 3.441 3.441 3.441
7 F/gE B 2.002 2.002 2.002
8 g s 1.580 1.397 1.230
9 M ok 1.351 1.351 1.230
10 $ TR A Y 0.517 0.517 0.396
11 ¥ 1.351 1.351 1.351
12 o Rk 2.820 2.774 1.819
13 Mo A 4.004 3.837 3.716
14 A 1/ R 3.837 3.837 3.670
15 A R/ERE 2.790 2.790 2.185
16 - WELE- 2.332 2.378 1.727
17 W 4 1.809 1.626 1.459
18| #HEGeHD [FHh]) 4.004 3.883 N/A
19 BEGHED [£%EH] 4.004 3.883 N/A
20 (L R) 3.837 3.716 3.670
21 ZEHEEE) 1.773 2.002 1.956
22 M5 o 3.232 3.065 3.065
23 iz [p#) 4.004 3.883 N/A
24 Bz [P 3.958 3.716 N/A
25 | AlsEdn A v [AL5EAG]) 4.004 3.883 N/A
26 £ 8 [#45]) 4.004 3.837 N/A
27 B [34]) 2.836 2.607 N/A
28 B/ [#46]) 3.670 2.836 N/A
29 Hu N/A N/A N/A
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4211 HEHEEE

G Adp £ 2 1 ke BeEe
algg'&»'z % 1.855 7.392
4 4 1351 5.384
/a i 2.424 9.660
51 iF i 1351 5.384
Moo A 3.487 13.896
e 3.441 13.713
¥/ 2.002 7.978
@#M] 1.230 4.902
Mo 2k 1.230 4.902
i F 1351 5.384
T 2.185 8.708
B 1.727 6.882
Wi 1.459 5.814
25.093 100.000

2. # Rl
(1) SSI &3+ ¥

SSI £_Scouring Stability Index 358 » & 4% 1 Tt f 48 2
I tha 1 0~100 BBt &4 B S Bl i 4o A Bk R
R ARSE o SST B E2 B Rt BTSRRI MR 2 R
moe g Vg TR AH TR e TR REROS TR
BAH  E TREEN AR e R Rk R A & SSI
BT A H R B 4 T F) R e g ;ffg;
e R G E e Pl B E A O
LAl TtaeSSIE2Z E 78 4eT

2RARCT] B

ST = Iey xwy + ey xwg +Ieg X wg + e, Xwy, + Iy Xwyy + 1e, xwy,

Wy + W +We + W, + Wy + Wy, (2.5)
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Ieyxwy +1cy xw, +1Icg xwg + Ieg X wg + Iy X w

SSI =
Wi AW R W Wk Wy, (2.6)
Ie;s1 5 4T
ZIC”
Ic, = /=
TL et ——— 2.7

230267 oG AR Mo d WA R G e DER A o
- RMfE% 7 AOL~POL~P02~P03~A02> @ & W3-8 &2 I, (Ic,
2. E o8 258 5)% 5030100~ 50 ~ 100 > 1% 4o #15% Io, BeiE
HR) o AL D Ie, Bl B W I, (min) & 30 Fllc,(min) -] ¥t 50 0 K] 3T 50

¢ g T ia, ”‘#P:]"} F#ﬁ - BHEERE > Fmn=1o /'}'Jilc.:ﬁzw °
! 1
16 g 2 B 4o
atfy L iepap ¢ T#Ti Ie, 2 B B > W fc (min)
b. & Ic, (min) -] %+ 500 | 35 50 e fc, BPE D R T I AR L Ie,

C'E-Ic (min) & 11 3% 50 Fo 75 20 B > #-pt gj‘;@ﬁ?]cijfﬁﬂ‘igﬂiﬁiiié”
A G I, B o
d. & Ic,(min) & 11 >+ 75 4= 100 2 @ > #-p #ﬁmlc BpeiE kT
39 ARG e, B o
(2)OSSI &+ &
OSSI 3 Bz i AR Ttk » o >0 RIR %\%%Mﬁﬁ

o E- Y SRR AR Y > F]pt OSSI 5 2 A ES
PR BT ThO BN A2 o
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2.9 R

L EH - BRREAS SR E R M R L Lo RE

BIARE R A% TR FRENARER S ER A EA
Mipt G B g iR o deie 2 WRRISE R 2 R R R K06

%ﬁ@@%ﬂ@mﬁﬁ’ﬁWWiéiéf FH> R RS w2 S 2
I AR LT 4 2212

£ 2-12 FHAPME ¥ B A (R Y L)

X N A
f} R iR =P WRtA ML WL A E A *ﬁmgﬁ“
1.Recording and Coding 1.National
Guide for the Structure Bridge
Inventory and Appraisal | Inventory
National Bridge L%%%Mﬁ% of the Nation’s Database
£ Inspection 2 A Bridges(1995 , Federal
| Standards,(Federa Highway
# 1 Highway 2R %R R 5 Administration) e 2 PONTIS
Administration ) P
25 H5 4 WL F KR
G B S 3F
fe > 2008)
WFRIBERE | LHF ORI 1;;&';;@ *}#iﬁ%ﬁvaifg J-BMS
A (R) Btk i | LEHRERL L (D
RERHINT %ﬁmh b ST
2 TARAT (X)) ¢ 0 1994) -
-~
2H/pFILET D
¥3ﬁ$%ﬂ
FHE (%)
g N )fﬁ ¥ |- 1.Review of current BridgeMan
w | RIS practice for assessment of
_ structural condition and
7 classification of defects
( Woodward,1999)
o oRpEEER | SRIRTER | KRGS E(EDra CBMS
A | AR £ 4 2002)
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2.9.1 % Bl F %R

FRALEATRY 2ZAGF RIS NBLR] > 2 RAC R E 50
1967 & % B # 7 #4152 4007 A (Silver Brlde)&ﬂﬁi ERR IR - PN
é‘/’fﬁﬂ}%’”'ﬂzaw‘}’p%\‘ STWELREERETL > F RN
( Federal Highway Administration, FHWA ) B 442 % > % EXIJ}%L TR
B Ao EE - SRR A2 5% T r _}_»ﬂ;}%if-‘ T (Natlonal
Bridge Inventory) ; F4LE " » & n%)}%”“”%ﬁ AR AP R - E B R
- @ﬁﬂiﬁ%’ﬁiz’iﬂ\ﬁi‘i P RET T 2 BAR T R —gﬂ ( National Bridge
Inspection Standards, NBIS ) » 1345t BRI A A A REF & ¥ 1
ER2ELVEAS ESFHNE T L HBFEF 20 RIT
¥ oNBLZ 5% Pt 3¢ iRl B (33 ¢ k%
3 5 2000) « NBI gﬁiﬁ,%rrﬁf] 2.12 # o

< NBUf 3 t i#l3= )

ERFERATH L E N
(SI&A ;—T_i %\) @
2 A=) zif\ i o e
AL 1.4 (good) » 2.4 7 (fair) -
(L2 2 2 B =g &) 3.4 (poor) - 4.4 i+ FEN/A)| -
R Sty
(B PR RHF ST mE 4) N

% WIRR 2 PRAR R B2 e
i i
* i

(:/zﬁNm$xﬁm?% :> w4 =% SR Ez =R
<: L EE LRSS :>

W 2.12 % ] NBI ﬁ’,ﬁ R AR
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R HF OB ERBIGEURAS > £V AL S FEE o Au R4
44 B] (Initial ) ~ % #p ¥ @] (Routine ) ~ B3 ¥ B (Damage) ~ /& “ #&
il (In-Depth) % # %[44 R (Special) (X4~ 3F PR > 2008) °

A7 4ot ) (Initial )= 0032 1% TNBL R 2 8 | R ERARRARE -
2535 ¥ P B ;+¢@«%my%ﬁﬁﬁﬁﬁ%ouﬁhﬁi%$?;
Bz ¥ > T35 NBl P kiTm 2 RERL 2254 7E 8% -

Z H ¥ P (Routine): & * TNBI | & H | & 113F 8 6 (7 2530

R LR ERE 2 £ 1 A4 &P R LF L EE D SR
& L] z;]%”‘ "Lﬁ‘i“»?’ fEPRIFE 22 & R oo

Btk Bl (Damage ) J R P4 A 8 2 BT IR LT AL L FE
%'i()}%yﬂ»l A#E—L? s /E_r_ﬁ —ﬁ—@ rNBI %%/EIJ%\,E N “‘FL;% ’ 1/1:—;‘;}1]"&?
AR AT T AT e B B «‘PF;‘* 52 %4 o

N

zr"*%ﬁz? (In-Depth ) : 3% 44k R B cnE_5 5 4F T3 % RI(P 4R3& )
HEr2_ g B8R VAL G AREUR R o blde ¢ ek 4 55 B RR)
E AR i/#gifﬁ/? (RF )~ 735 3 RS -

4w+ (Special ) : gt ﬁ%ﬁ/? LB E AT R K2 KR
HFEHAH I PrREE Bl o

NBI & p] % H 4™ % 2-13 #7757 -
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%213 £ | i 5 1R R % (National Bridge Inventory Information

System)

OVERALL SUPERSTRUCTURE CONDITION RATING:N 9 8 7 6 5 4 3 2 1 0

COMMENTS:
Superstructure Elements Rating Remarks
stringers G F P N/A
Floor beams G F P N/A
floor system bracing G F P N/A
Multi beams G F P N/A
girders G F P N/A
truss-general G F P N/A
upper chords G F P N/A
web members G F P N/A
lower chords G F P N/A
lateral bracing G F P N/A
lateral bracing G F P N/A
sway bracing G F P N/A
portals G F P N/A
arches G F P N/A
cables G F P N/A
paint G F P N/A
bearing devices G F P N/A
connections G F P N/A
welds G F P N/A
G F P N/A
G F P N/A
G F P N/A
timber decay
concrete deterioration
steel corrosion
collision damage
LL detflection
vibration
member alignment
utilities
ridge Conditon Refing Categories
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o0h o £ B FHWA 2 2 4 PRl § IR ¢ - 5 £22 2 f—m?’#
R EEXRFRFM TR RS EE SR AR THEN B
T & RV FL R A E R Ay 2 ARFEE - il T - &
R T R E iR % 0 3950 B £ NBIS & T»mr#%
EANFT LR £ | (Structure Inventory and Appraisal Sheet, SI&A) »
4o 2-14 #7571 o

B ) F#e B F L~ (Identification) ~ (2)F #3154 2 #H4
(Structure Type and Material) - (3)7}%%3{ PR 727 5c (Age and Service) ~ (4)
A @ F ok (Geometric Data) ~ (5)-k i 7 #% (Navigation) ~ (6) it * 3= %
(Sufficiency Rating) - (7)7}% 2 % % (Classification) ~ (8)7]@ PN R
(Condition) ~ (94 &£ &2 2 77 FF (Load Rating and Posting) ~ (10)4%
% 3% 1% (Appraisal) ~ (ll)a‘ﬁ’ ¢z i 2F 3% (Proposed Improvements) ~ % (12)
t iR2E 3k (Inspection):* 12 35 - H & % (8)FF 45 3% Jim 5 A 37 4 12 2 1R iR
FEE F (P R4 0 2008) ©

.ﬁ.
T
> #
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m
(8)
(5)
2)
3
&)
48]
[¢)]
(mn
12)
(13)
(16)
Q7
(98)
99

(43)
(44)

(45)
(46)
(107)
€108)
)

B)

c)

27)
(106)
(42)

(28)
29)
(30)
“am

(48)
(49)
(50)
(51)
(52)
(32)
(33)
(34)
(10)
(47
(53)
(54)
(55)
(56)

(38)
(111)
(39
(116)
(40)

% 2-14 $RIHEA

=

* 7

7}.

#i=E (SI&A) 4

A

Structure Inventory and Appraisal Sheet

NATIONAL BRIDGE INVENTORY

wkkkwkhwrk [DENTIFICATION *kdkhhdnkhkhkhhhhhhhksn

STATE NAME - CODE
STRUCTURE NUMBER #
INVENTORY ROUTE (ON/UNDER) -
HIGHWAY AGENCY DISTRICT
COUNTY CODE -
FEATURES INTERSECTED -
FACILITY CARRIED -
LOCATION -
MILEPOINT/KILOMETERPOINT

BASE HIGHWAY NETWORK -

LRS INVENTORY ROUTE & SUBROUTE
LATITUDE __ DEG
LONGITUDE ___ DEG
BORDER BRIDGE STATE CODE
BORDER BRIDGE STRUCTURE NO.

{(4) PLACE CODE

CODE
#
__MIN __._ SEC
—_MIN . SEC
% SHARE __ %
#

Wkkkdkkik® STRUCTURE TYPE AND MATERIAL *¥¥dwkdokk

STRUCTURE TYPE MAIN: MATERIAL -

TYPE - CODE ___
STRUCTURE TYPE APPR: MATERIAL -

TYPE - CODE ___
NUMBER OF SPANS IN MAIN UNIT _
NUMBER OF APPROACH SPANS _
DECK STRUCTURE TYPE - CODE _
WEARING SURFACE / PROTECTIVE SYSTEM:

TYPE OF WEARING SURFACE - CODE _
TYPE OF MEMBRANE - CODE _
TYPE OF DECK PROTECTION - CODE _
wkkwkwkdek AGE AND SERVICE

YEAR BUILT _
YEAR RECONSTRUCTED _
TYPE OF SERVICE: ON -

UNDER - CODE __
LANES: ON STRUCTURE UNDER STRUCTURE

AVERAGE DAILY TRAFFIC
YEAR OF ADT
BYPASS, DETOUR LENGTH

(109) TRUCK ADT

= 3¢

K

deddkkknkkdenx GEOMETRIC DATA #ddddiokdokidddddhddkhknd

LENGTH OF MAXIMUM SPAN

STRUCTURE LENGTH

CURB OR SIDEWALK: LEFT _._ M
BRIDGE ROADWAY WIDTH CURB TO CURB
DECK WIDTH QUT TO OUT

APPROACH ROADWAY WIDTH (W/SHOULDERS) .
BRIDGE MEDIAN - CODE  _
SKEW —. DEG (35) STRUCTURE FLARED
INVENTORY ROUTE MIN VERT CLEAR -
INVENTORY ROUTE TOTAL HORIZ CLEAR -
MIN VERT CLEAR OVER BRIDGE RDWY
MIN VERT UNDERCLEAR REF - .
MIN LAT UNDERCLEAR RT REF - .
MIN LAT UNDERCLEAR LT .

RIGAT _._

dedkddkddkd NAYTGATION DATA *ioddsdedsiddiod i dohw sekidkok

NAVIGATION CONTROL - CODE  _
PIER PROTECTION - CODE  _
NAVIGATION VERTICAL CLEARANCE _s_ M
VERT-LIFT BRIDGE NAV MIN VERT CLEAR __-_M
NAVIGATION HORIZONTAL CLEARANCE ._N
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(12)
(104)
(26)
(100)
«on
(102)
(103)
€105)
€110)
(20)
21
(22)
(37)

(58)
(59
(60)
61
(62)

(31)
(63)
(64)
(65)
(66)
(70)
41)

67)
68)
(69)
7))
(72)
(36)
(113)

(75)
(76)
(94)
(95)
(96)
(97)
(114)
(115)

(90)
(92)
A)
B)
o)

STRUCTURE INVENTORY AND APPRAISAL 10/15/94

SUFFICIENCY RATING =
STATUS =

LEd a2ttt CLASS]FICATIDN W e 3 o e ok ol o o e o e e e ol e e CODE
NBIS BRIDGE LENGTH -

HIGHWAY SYSTEM -
FUNCTIONAL CLASS -

DEFENSE HIGHWAY -

PARALLEL STRUCTURE -
DIRECTION OF TRAFFIC -
TEMPORARY STRUCTURE -
FEDERAL LANDS HIGHWAYS -
DESIGNATED NATIONAL NETWORK -
TOLL -

MAINTAIN -

OWNER -

HISTORICAL SIGNIFICANCE -

wdkkkkdkksw  COND T ION
DECK

SUPERSTRUCTURE
SUBSTRUCTURE

CHANNEL & CHANNEL PROTECTION
CULVERTS

CODE

wkkwkdkkkx | OAD RATING AND POSTING *¥awws CODE
DESIGN LOAD - OR
OPERATING RATING METHOD - ___ —
OPERATING RATING - .
INVENTORY RATING METHOD -
INVENTORY RATING - .
BRIDGE POSTING -
STRUCTURE OPEN, POSTED OR CLOSED -

DESCRIPTION -

dekdkdkkkkkdk ADPRATSAL
STRUCTURAL EVALUATION
DECK GEOMETRY
UNDERCLEARANCES, VERTICAL & HORIZONTAL
WATERWAY ADEQUACY

APPROACH ROADWAY ALIGNMENT

TRAFFIC SAFETY FEATURES

SCOUR CRITICAL BRIDGES -
e e e e e o R PRUPUSED IMPRDVEMENTS e e e e o el e e e e ok e
TYPE OF WORK - CODE ___
LENGTH OF STRUCTURE IMPROVEMENT K
BRIDGE IMPROVEMENT COST $__,_ 000
ROADWAY IMPROVEMENT COST $__,_,000
TOTAL PROJECT COST $__,__,000

YEAR OF IMPROVEMENT COST ESTIMATE
FUTURE ADT
YEAR OF FUTURE ADT

ddkddkkkkdk INCDECTIQNS *drddddaridk ik ddr an

INSPECTION DATE _ /__ (91) FREQUENCY __ MO
CRITICAL FEATURE INSPECTION: (93) CFI DATE
FRACTURE CRIT DETAIL - __ - __ MO A)  __/__
UNDERWATER INSP - -_ M0 B _/_
OTHER SPECIAL INSP - -" M0 O

(Fh < 4 > 2008)
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6.1 0.147 50 99.936 100 100.000
6.2 0.118 50 99.727 100 99.999
6.3 0.095 50 99.125 100 99.992
6.4 0.076 50 97.768 100 99.950
6.5 0.061 50 95.270 100 99.776
6.6 0.05 50 91.358 100 99.253
6.7 0.039 50 85.982 100 98.035
6.8 0.032 50 79.335 100 95.729
6.9 0.025 50 71.784 100 92.038
7.0 0.020 50 63.772 100 86.875
7.1 0.016 50 55.726 100 80.398
7.2 0.013 50 47.995 100 72.955
73 0.010 50 40.825 100 64.984
7.4 0.008 50 34.364 100 56.919
7.5 0.007 50 28.671 100 49.122
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£ 6-6 CHETFBF R A K 502 100 &5 3 8%

7% 4 Mg K % M &
My N At x I‘Vf)g N At d ;} /fj N
6.0 0.276 50 100.000 100 100.000
6.1 0.219 50 99.998 100 100.000
6.2 0.174 50 99.983 100 100.000
6.3 0.138 50 99.901 100 100.000
6.4 0.110 50 99.586 100 99.998
6.5 0.087 50 98.718 100 99.984
6.6 0.069 50 96.854 100 99.901
6.7 0.055 50 93.582 100 99.588
6.8 0.044 50 88.697 100 98.722
6.9 0.035 50 82.285 100 96.862
7.0 0.027 50 74.691 100 93.595
7.1 0.022 50 66.406 100 88.714
7.2 0.017 50 57.936 100 82.306
7.3 0.014 50 49.717 100 74.716
7.4 0.011 50 42.062 100 66.432
75 0.009 50 35.163 100 57.962

167 AFTRALER FHC RPN TEREE BT

g R TP oy ) @
Zi AR Mu R.PM iTl: - &ft & .
1 AT T R 6.8 | 1000 | 307 6.796 | 0.4724 *

2 | A 3wtk | 69 | 300 78 5592 | 0.4724 1935
3 § Bk 7.0 135 61 4794 | 0.4724 1951




% 6-8 LETR» RAKS0EE 100 &2 F 2B o
);? i & );}} i &
45K ¥ 5k A B i
50 # (%) 100 # (%)
1 AT 4T K 1.476 3.737
2 B3 T 5.436 18.885
3 it & ks 37.545 70.228
% 6-9 L ¥k Bid* 2|4 o
%7 AT R 2SR
T :
S Mu | RP Te A g
1 | AT ek 6.8 | 1000 | 307 6.796 | 0.4724
2 | AIFyrerk | 69 | 300 78 5592 | 0.4724
30 |k iR 7.0 135 61 4794 | 0.4724

Density Function, PDF

T, * present time

T0 : last occurrent time

T, : elapse time=T.-T,
A
A+B

P= x100%

B
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TO TC
B 6.3 ¥+ B &4 387
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6.1.2 ¥ 4 Bde A 455

ARG 2 4 Rk 20 RE ZHEE
A 3887 L A< LS (B 2
R BB R RSER S R
B plsE2. PGA ~ Sas % Sal };%‘JJ I Y N

5 JAY
%

B

5

W

4

Mgt S WO A K 50 & 2 100 & 2
BORA L g A D e RAT A

6.1.2.1 ¥ 2 BHH 15
1. ¥ % BB 2 plsbahiz

i?%?ﬁ%ﬁﬁ’%%@%@ﬂﬁd%
PELIEES > 7
2002)F R R P L F %k
B URF b

AN HE(TAP) ~ £ 7 ¥ % (TCU) ~ £.3 ¥

300

PR R R R
2002)z ¥ % B He
NN I
FATERZ A ke
s 2 PR F Pl

SRR R 2
R E e BRIy S AEHEHM - (55% ~
Bod Hip b & LR 4 (TSMIP) 2 3
R = A B -2 /lewa\ R
% (CHY)

.,.w——l_p



(KAU) ~ 4 L3 % (TTN) ~ {233 % (HWA)2 & ¥ % (ILA) > % ¥
LRk s ZRHE TR EE S 5 0 5 Fher T ¢ LY Bk IR
FEFET 2L %5 Reb(f AL CMA) % B % #ro 2B 6.7 77
AV EF R AEREEY AT RLE R R R GRaLv o
2002) = £ ABELE T RS Foa s EPIREZ BEA G

Eor 20008 A Y AP RL R R B2 BEA G o

a BT FGS
« FEmTINIPES
o P L PLL K SRR b

3 AN ‘.‘--'; "
-.f‘t{““-' - 24
““'.\ Agh
ady 2, 44 A

By
X

'
»

AA- | ‘? 23_
.i‘.
- L~ ]
& . £
R
& \:\’ !
¥ @ -
‘ as . ! 22
| 120° 121° 122°

+

67" 2 a2 ?d b RLFRELZEMW -
TR LR EE 2 > 2002
2. B ARBE2ZFH L8

Prab el dp A & Rplsh e Fokn s B2 R T4 g e 2o
E B4 E TR e AL (ICBO » 1991) %34 42 4 % S1 >
S2-S3~S4 wif o ¥ b a1 AR & A ] EHp(Lee et al > 2001)1
Fed o I ARGE TR R N B 4T3 2 2
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B-rEd ) R Eada s i B-C D E v 4 « (3RE > 2007)

FI* F % ke B AH266 B RABMGFTHE ~? L FTAE

“r GEO2000 1 Az3 F AR 2 H &5 W Pena f23 F R kg5 ¥
4ok iE B E R V30 BT Ha A ST 4oB 6.8 41T o

Vs3l(m/s) Site Class

= =760 B
620-760 Cc3
stoamn £
=R b
| s j ;722:7_5;’3 O
W68 % 4 ik R ER V30 :EFHAK
TRk R ERE AR (2007) 7 & 4 > 4 % VS30 A 5 % E A E

R ARSI LK R R HE
(GE&:< »2002) %% e £ Bd F R BN ([ 2 4% 2001)#712 *
PRTMLELSHA ;\*Ms—SO PR RRIER 35 AL IR

¥ lﬁi%ﬁ;«}‘ﬂﬁi”ﬁ pE ek Bod ¥ :}éﬂﬁ%%_ﬂ"* 2+ (Wenetal> 1998)
2B A ﬂgﬁﬁii%h_%iﬂ*i)@m/?lvé“&mJ%'Elﬁimf;“sz g P
FATE & o T

(D:EPFNRPLS0TS5e B HP ¢ REEIRZ2 HARE -
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QRRFR B35S T UP o

GV 1 & 1o 2 3 R Ik B R A ¢ § 23T R
OB REEZ 2SI PN GA D Fi Rk R ML
v AR E A - g -

A * b Brsxr? 3 LT 3 5 (EWONS)E= & B+ 4vi B B
T hkeFwiFstr o FEST RRE N2 ke

\

(B) il i A 4TFF > 5 TR IZIT A TR S anEL o R AR
FRRSR SR 2R AT R R KB
M BT DR RS o

ﬁ@m%ﬁgﬁﬁﬁﬁgﬁyg,&@rTﬁ -
G ATk nk B o d ST B RIEERE X § K B
WEH o ERAFLREFREATNET G 40§ 5
Iﬁa?‘gﬁ_k\ﬁ%i‘é#ﬁﬁl—ﬁmﬁﬂj, ] gL e~ L
3 SRR Dl R &’%ﬁiﬁﬁ%%%io g hE
SRR RE R LA ’ﬁ@%?ﬁiﬁiiﬁﬁﬂmpcw
Blab T L A1 B

as)

34
>
*\3

F

6.1.2.2 % B\ B2 -n e

FRRE § 7\'?}%{% REELIEYREH e R e R
A B BT iRl b2 B e AR S A AR R 0 W R S Rl T
BT ip) gk Ay B ept B9 18 '/'EJ)%/}E’ SRR R Frh sl e R o o b
RAFAR A PE o 2 A RERARARE 0 A RREGCRSER D F 20 R
ol B R R B R oo kot 4 y»'i‘/ﬁ\"fﬂ—;}\ CERH B4

T30 g4 a2 TIE G AR Ry TA GRS E R L a

FORP 0 d RPN ER Y A Rl T RS B > R

PR G T AR EE FHEERRETREF R BN 5

I

Fhbarit o - Am g o R PR rie s T endR Ty E 6 v
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Bl ATio g iR g ER o (E{-E > 1986)F7 7 SMART-1
A Tie s < B RAp D P A R R SR T REE

o B %érsr s B ILI] R AR R iR 2 T T ﬁmkiﬁm' 4
(LA S fiém/?l%‘”b’#ﬁ“ A B |
O R H R R 3R AR (452 22002)
7R ¢ ﬂ"’j’%ﬂi*z\%%ﬁ-40~70 R R A R B 6.9 o o
d 7 R RIE A G RT E%ﬁ%‘lﬁ»"ﬁ’i%ﬁiﬁ* C B R R AR
iﬁﬂﬁ,?&ﬁﬂ' o /T}K\Ju Campbell 1% T S AN < P73 & 4
BREAAS R RBFRE AT RSN FILIEREE T
Ty IR o iR 0 BRI E RPY R RGP IR o

PG A-Attenuation Curve, Mean[EW,NS] PGA-Attenuation Curve, Mean[EW,NS]
Campbell(1997) M1=4.0~7.0,Site=Hard Rock Campbell(1997),M.=4.0~7.0.Site=Soft Rock
1E+001 TE+001 T =TT —- -
SRR AR, B A .4 R 6 ) Bk B 5 414 R . ol
e e o 6 L) 1' I'TI“m I L Ixmit 12X2Cno L =)

AE+000 o 1E+000

1E-001 |-t 1E-001

[
1E-002 f:io: 1E-002

Horizontal Peak Ground Acceleration,(g)
Horizontal Peak Ground Acceleration,(g)

Campbali(1057) M=7.0
Campbdli(1967)M=5.0
1E-003 | Campbel|(1967) M=5.0 | -

[l
————— Camphel (1907)M=50 | L 1L

1E-003

| ———— Campbe1(1207)M=40 Campbeli(1957)M=4.0
| A Daaom=TO- A DataofMi=7 0~
A paagm=s0-70 A patactm=s o0
A Daaom=s0-60 A DataofM50-80
A DasFm=40-50 A Datocim=tos0
1E-004 1E-004 T T
1E002 1E-001 4E+000 1E+001 1E+002 1E-002 1E001 1E+000 1E+001 1E+002
Hyp ocentral Distan ce,(km) Hypocentral Distance (km)

W69 §AHRIC40-7.0 23 Riedisgr (Campbell: 1997) % i 8 2 W 14
T KR D ERE2 5 2002
(3552 22002) ¥ %R #0503 & » A3 * (Chien > 2001) » *¢
%ﬁ&oujiﬁﬁ’%ﬁ&%ﬁ%%@§&ﬁﬁ@’#§?£%$%
oA R RO R RSN oA EY 2478 5 Chien ¥
(Campbell » 1981)2 % j Hi-3% 3% jF 4 47407 54 6.13
PGA(g)=f(M,R)=b,e"[ R+b,exp(b;M )]

\\\?{r

E'D
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F7oblbS 5 A BT A v FA 4T RE S PGA RARB R B M
m*%ﬁl(%ﬂ?%%ﬁ&Tﬁﬁ-fﬁﬁﬁﬁ FE & 32921 A4

BRTOF T 921 A RER B AETHREAECT > R ARk RIDEY
%%ﬁ%o

FoFFE I VR 2 R AN D] &Rk IR R4 2. PGA
o d 3 H AT KR J%gﬁxﬁwéﬂlgwﬁ’qw“%wﬁﬁ%é—
BEFHE Y o @ F D PR A TR 0 RIRE LRI R BRI B
RbEEFREAFT - BF - RSS2 R FEN I RREEFER PR
A Eﬁv’/ﬂ\*’? d 3% ETFA\’}'/T.—I EI 2 PR B C)E CE o
HE 2 B 558614

In(Y,) =C,+C, xIn(Y,)

P oY, s 2T ,‘)gUfg_;\m?FI/FJIE,YO 2 P e ﬁ‘ﬁv[g,coa C,:
Loplehz2 Ful i3 0 o

6123 ¥ ARFHRNEF LT RLS%T
1 ¥ 4 B # %R HR

(ﬁ L3, 2008) 1P (RS~ 0 2002)F8 L v 2 b £ BB E R
o HT R RRERE TR LRIREEHTE B EANTE R
%”ﬁ#%ﬁ-% SR AR - RAFRKmM) -~ 2 R (ML)
Eh¥c nF BEHEEBHNPREER T3 E R KK (Source
Effect) ~ 3 it & vhenpe 5 »o i (Path Effect)2 & 384 H 4 orilde
eyt 22 i (Site Effect) o 2450 BHIER BN A G 2 4 # o #5
B %%k PGA > 3P 4238 £ F B & %A 7 #3531 % R #0708 30 o
o @ (fek mdm&\”~F&ﬂ$é%R%ﬁ%%@%%Hfﬁ
Bl > d AR A rdE B LRSS AR 6,10 777 5 ()51 - - &
4 EEREE E2b)EF BB A4~ Faot 2 o PGA -
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FH K R 622> 2008

CFERBRRRREN 2R G

(& k3> 2008)%0 % = FEECRIR Y R BRI P e~ Hraok
3§ 0 478 TSMIP & CMA |k el $rit o @ & % 3 FFfh B4t
LRl Frar T a0 REP{F F3a i L Sl o 444
73 2. TSMIP 22 CMA JBl=Ren L1V E R B > &t A 1751
B “PB??«\_L#w ‘*{r;—igd}ié-ééﬁvé.\, Btk b plaig
B g b M b 0 B OSED 5.0 e B kB s A T2 B
Moo B 611t 0 Sd Hrak S Biig o ﬁf; G PEELTERAE % AR
M BT FERRBE o FRRAT ATTERES o d T oo Pl
2 Hrp iR PR A R T Rleb 2 S Soeis b H
Hrhh vl 0 RFERH K ‘umﬁm@ WA B k2 B k@I

be T Rz RS S o
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ﬁ%?wﬁﬁéﬁé BIE) 7 LAY RHIRE S E R ERE T
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(D fFef-2 0 A5 SHFEF REFA 70 2LE - 3 gt #f
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& 2(1999.09.21)
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6.13 ¥ BRI G =5

AR LA IR AT Y T2 M R 1R A TR 4 1T ()
AR L 2 2011) 0 ik R4 A 17 (Pushover)#riF 2 X ¥ p d R %
i = =g e S ¥ A% Fe #5058 (Takeda model)i’g‘-ﬁi}%%ﬁiébfﬁﬁﬁé 4
AAT e RAGEAT AR 2 Y PR LR 50 £ 100 £2 7 iy
BPREMGERE R BE G AT 24 B 6.15 13 o gt vh
AFE U APHE(E )fr = AR(E W) S 0l EFR R R G ER R
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6.1.3.1 it o g % £ B3

BARFER TE'H’E‘LA\ ¥7(Pushover) P 2_ 4 22 =4 chff d R > F 5 5%
HEFEY RV A -/7}% FRHdsdch 4 254 SAP2000 AT R
4{? M ic & 4 (Performance curve, P-A B (2w 40) 5 ATC-40 #4% 5 H &

% £ R ¥ (Capacity spectrum; S¢-S, B T2 & &) > I %45 3% % B T2
WRAPREE R TR SRR RE R 5 B B R
PR T 27 KT € hgk o ik Bh(Performance point) ¢ 1 A2 F
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D
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D _ D1
Lo=5
DS oottt s e ee e st rens (6.17)

RMpFREEEpd RAMRBED TEH 1@ i3 SR
BAEnf i dF TR P RE c FAARGEY |
HLEW R AP BRZAHBF BRI RF BB A H R
R Sy PG 25A FAMEHEH A NI LY 0 B AFT B
&;agiﬁﬁ%iﬁfgﬁ BE > @ HE R BPERSN 61938
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Sep =15ps > 0'2]:)1) <T< TOD
. D
Sp /T T (6.18)
_ D
L U L (6.19)

AR EREAE A2 AT A e R4 TR e Fop 0 SR
it RR R EE LR E R 0 dest 6.20 #Fo o
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a b
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6.1.3.2 2L M6 4 L 5450

PR Ed STl REANHREBESF R ZF R EML
RMEF B AT AR S 9 fi07](Takeda model) 2 i& 7 2247 |4 #5 4
Adr? iifet RCHHAF RREPFDR 4 -FAE 5" R L2
B2 0 B4R A AR 616 45T o LR A T s (DI
ﬁéﬂ&T7im$ﬁ5 ﬁ,uﬂaﬁAﬁﬁﬂkﬁcé.ﬁﬂ#
Bk~ ERAAT S F(=M*S) ~ U AT 4 F(AFf BRELF
)~ R S~ LA 5, (ZR.*Oy) ~ E REET R B T ik n(A~
FEEK R 0)FPRITHE 58 a(=04) Q&K RF BHEE 2
BRRER S T STEE A 2 LT A Blesr o MAT TR 2
PR R BRREPE o

® 6.16 # v 7| (Takeda model)2_ # & 27 4% B %

6.1.3.3 RCH % 53]

A PR (L) 0 7@36.6=256 m 5 A1 (h) : 1080 cm ; 4 41 7 5
F175 5 /2(D) 180 cm s 4 (N) 347 t; J# 43 EE(s) S 20 cm s 2 £5#10
3 #c(n) : 30 o
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100 & 2 # B3 3 = # £ 4 ‘”"’a@]%ﬁa R R R RS
17 & RHET 2 PGA @ 4 > 7 2 & 6-10-% 6-13 9777 - ik 4 6-12
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% 6-10 % % F(ZSO) A % 50 % 2 44+ 6.0ML 2. PGA &

HHC ILA025 ILA022
(My) (gal) (gal)
7.2 102 96
6.8 64 60
6.7 57 52
6.6 51 45
6.5 45 40
6.4 40 33
6.3 35 28
6.2 32 24
6.2 32 24
6.0 25 18

% 6-11 % SE(ZS02)A % 50 £ 4 4 247+ %t 6.0ML 2 PGA &

oA ILAO25 1LA022
(M) (gal) (gal)
7.2 116 93
6.9 92 62
6.7 55 50
6.6 47 43
6.5 40 37
6.4 34 32
6.3 29 27
6.2 24 23
6.2 24 23
6.1 21 20
6.1 21 20
6.0 18 18
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£ 6-12 % % W(ZSO01)% % 100 & % 4 4%+ 6.0ML 2 PGA &

ILAO025 ILA022
SH(M)

(gal) (gal)
7.4 127 121
7.1 91 85
6.9 72 67
6.8 64 60
6.7 57 52
6.6 51 45
6.5 45 40
6.4 40 33
6.4 40 33
6.3 35 28
6.3 35 28
6.2 32 24
6.2 32 24
6.2 32 24
6.2 32 24
6.1 28 21
6.1 28 21
6.1 28 21
6.0 25 18
6.0 25 18
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% 6-13 % FE(ZS02)4 % 100 &% 4 24#°4 * 6.0ML 2 PGA &

Apc ILA025 ILA022
(M) (gal) (gal)
7.4 144 116
7.1 104 82
7.0 93 73
6.8 63 61
6.7 55 50
6.6 47 43
6.6 47 43
6.5 40 37
6.5 40 37
6.4 34 32
6.4 34 32
6.3 29 27
6.3 29 27
6.3 29 27
6.2 24 23
6.2 24 23
6.2 24 23
6.2 24 23
6.1 21 20
6.1 21 20
6.1 21 20
6.1 21 20
6.0 18 18
6.0 18 18

6.13.5 4 B 3 BAF 325

Park and Ang(1985)75 & 212 PA MR 1 & % 50 244 B (4 4 4
A2k F|9Tikdy 0 P oAb ARR LR * 3T RC Bds & 88 k5 R R

EAGIBEE A SR RGN T SR 6141 R 5T P A
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2 ZS01 & ZS02 2 B3 Rk » $= A2 L XA Y - BHEER
G PM S Ryt Ffe T 0 450 5 AR T £ p) ZS01 &
ZS02 2 BB RAISE R A ALY RG> F Y ELEL 5 100 &
PG i~ ERIH B o

% 6-15 & % 50 & ¥ {(ZSOD)$ 2 MHE LR § 4 1

= P PGA ILA025

(2801) (gal) (Drga)
3 1 42 1%(01) 102 0.28
1 42 15(02) 64 0.28
i % 4p 1%(03) 57 0.28
3 1 7 15(04) 51 0.28
3 % 40 1%(05) 45 0.28
3 1 4p 1%(06) 40 0.28
3 1 2 1%(07) 35 0.28
i % 4p 1%(08) 32 0.28
3 1 4 1%(09) 32 0.28
1 4p 15(10) 25 0.28

% 6-16 % % 50 & ¥ F(ZSON$= & M #2415

-k 175 PGA | ILA022

(ZS01) (gal) (Dp&a)
i % 3p H(01) 96 0.15
i % 4p 1%(02) 60 0.15
3 % 42 15(03) 52 0.15
i % 4p 1%(04) 45 0.15
i % 42 #(05) 40 0.15
iE % 4p 1%(06) 33 0.15
I % 47 15(07) 28 0.15
Af % 42 #(08) 24 0.15
i % 4p 1%(09) 24 0.15
iF % 40 1:(10) 18 0.15
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% 6-17 X % 50 & - (ZS02)¥ 2 PHEHCZI § 4p 15

% E PGA ILA025

(Z501) (gal) (Dpga)
S ErR(UY) 116 0.30
3 % 40 15-(02) 92 0.33
i % 4p #(03) 55 0.33
1§ 45 15(04) 47 0.33
i % 4p #(05) 40 0.33
3 1 45 1%-(06) 34 0.33
3 45 #(07) 29 0.33
I % 4p 1%(08) 24 0.33
3 % 40 15(09) 24 0.33
3 % 40 15-(10) 21 0.33
G4 E(11) 21 0.33
3§ 40 15(12) 18 0.33

4 6-18 % % 50 & TE(ZS02)¥H = & HHAH G 4t

e i PGA ILA022

(Z501) (gal) (Drea)
3 % 45 45(01) 93 0.14
% 4 $(02) 62 0.14
3 % 45 15(03) 50 0.14
i % 4p 1%(04) 43 0.14
3 % 45 15(05) 37 0.14
i % 4p 1%(06) 32 0.14
3 % 37 18(07) 27 0.14
i % 4p 1%(08) 23 0.14
3 % 37 18(09) 23 0.14
1 45 #(10) 20 0.14
E X 200D 20 0.14
I % 40 15(12) 18 0.14
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% 6-19 A % 100 & ¥ F(ZS01)$ = Fhf #3403 4 1

= P PGA ILA025
(Z501) (gal) (Dpea)
i % 4p 1%(01) 127 0.30
3 % 4 15(02) 91 0.37
i % 4p 1%(03) 72 0.37
3 % 45 15(04) 64 0.37
A 1% 40 1(05) 57 0.37
3 % 47 $(06) 51 0.37
3 47 1:(07) 45 0.37
3 % 42 #(08) 40 0.37
3 47 18(09) 40 0.37
3 % 42 (10 35 0.37
IR R 2 CRY 35 0.37
1% 4 15(12) 32 0.37
3 % 40 #(13) 32 0.37
I % 4 1R(14) 32 0.37
3 % 4 15(15) 32 0.37
3 % 4 15(16) 28 0.37
I % 4 15(17) 28 0.37
3% 4 1:(18) 28 0.37
3 % 42 H(19) 25 0.37
3 47 1:(20) 25 0.37
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% 6-20 & % 100 & & H (ZS01)¥ = B4 R A

Z i PGA ILA022
(Z301) (gal) (Dpga)
S ErR(UY) 121 0.17
3 % 4 15(02) 85 0.18
i % 4p #(03) 67 0.18
% 45 15(04) 60 0.18
3 % 45 $-(05) 52 0.18
3 1 45 #(06) 45 0.18
3 % 45 H(07) 40 0.18
% 40 H(08) 33 0.18
3 % 45 (09 33 0.18
3 1 4p #(10) 28 0.18
% 40 H(11) 28 0.18
i % 4pR(12) 24 0.18
3% 4 1%(13) 24 0.18
i % pR(14) 24 0.18
3% 4 1%(15) 24 0.18
3 % 42 #(16) 24 0.18
3% 4 1%(17) 21 0.18
i % 4p H(18) 21 0.18
3% 4 1%(19) 18 0.18
i % 49 (20) 18 0.18

6-37



% 621 % % 100 & 7= & (ZS02)¥ 2 FHf HCI 4 B Ap 1

= PHf PGA ILA025
(2502) (gal) (Dpga)
1 4p = (01) 144 0.33
i % 40 1%(02) 104 0.39
3 45 1(03) 93 0.43
3 % 42 (04) 63 0.43
1 45 1(05) 55 0.43
3 % 47 $(06) 47 0.43
1 45 1#(07) 47 0.43
3 % 4 #(08) 40 0.43
3 % 4 15(09) 40 0.43
3 % 4 1%(10) 34 0.43
I 2 CRY 34 0.43
3§ 4 H(12) 29 0.43
IF % 40 45(13) 29 0.43
i G 4p1R(14) 29 0.43
1 % 4 15(15) 24 0.43
1 4p H(16) 24 0.43
G317 24 0.43
1 4p H(18) 24 0.43
3 % 42 #(19) 21 0.43
1 45 1#(20) 21 0.43
% 4 21 21 0.43
I % 40 15(22) 21 0.43
3§ 4 15(23) 18 0.43
% 4 15(24) 18 0.43
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% 622 % % 100 & & (ZS02)¥ = BB HI R A

=Ry PGA ILA022

(£502) (gal) (Drea)
3 % 45 #(01) 116 0.14
% 40 1(02) 82 0.17
3 % 4p 15(03) 73 0.17
A % 40 1(04) 61 0.17
3 % 4p 15(05) 50 0.17
i % 4p 1%(06) 43 0.17
3 % 42 (07 43 0.17
3 % 45 15(08) 37 0.17
3 % 42 $(09) 37 0.17
3 % 49 1%(10) 32 0.17
G411 32 0.17
4 1R(12) 27 0.17
3 4p 1(13) 27 0.17
3 % 40 (14) 27 0.17
1 4p H(15) 23 0.17
3 % 4 15(16) 23 0.17
3 4 H(17) 23 0.17
1 % 4 15(18) 23 0.17
3% 4 1%(19) 20 0.17
3 % 4 #(20) 20 0.17
3§ 4 %21 20 0.17
% 4 H(22) 20 0.17
3 40 1:(23) 18 0.17
3§ 40 H(24) 18 0.17
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PREAEPF AR A NERE CFEAEAER P AR A EHBEFR
F)PEALARP T M T H L E T R R (Hazard curve) o
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—— Non-damage
—&8— Slight damage
—&— Moderate damage
—#—— Serious damage
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