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ABSTRACT

Strong ground motions often caused congestion or interruption in
telecommunication systems which may impede the communication for
residents in severely affected region to outreach supports and delay
information transmission to emergency response departments. However,
there are no appropriate models for evaluating telecommunication systems
subject to major earthquakes in Taiwan. The research develops a seismic
assessment methodology for base stations of telecommunication systems
with consideration of both effects of ground shaking and electricity
interruption. The analytical results showed the number of affected base
stations and their geo-spatial distributions that quite fit the damage reports
resulted from the 2016 Kaohsiung Meinong earthquake and 2018 Hualien
earthquake. Finally, we evaluated the possible damages of base stations in
a magnitude-6.9 scenario earthquake according to the Chungchou structure
and proposed the simulation results to the Department of the Interior which

were applied for the National Earthquake Drill in 2020.

Keywords: earthquake, telecommunication, base station, damage

assessment



B = T D ettt e bt teete bt eseeae s nseseeaens 1
Ll T B B s 1
L2 T F B BT e 1

FoF AR ARG AI AT T s 3
2.0 FHEE KB e 3
22 B BRERUWAMAE S A2 Fleeeeeeee e, 4
23 HWAMAY SZ BHHITERGAMITT s 6

231 ¥ EAEBEAAE SHBITEEAAMTT e 7
232 T4 ARR BTG ML e, 9
233 MM AREFT A LR BRI IHAD RIS AT 10

FZF EMAE SFBEIEIRITE 22 e 13
30 ¥ EAFFEFAE SHIFRITED e 13
32 T AP ETIE A AR DA BTIEG e 15
33 AP SR BIHITRE AR oo 19

Foe g BRI ER CRDBET s 25
41 2016 # 27 6 0 B2EEF BEHAHT e 25
42 2108 # 2% 6P i B R OIA T e, 29

43 2020 # B RIF P BF BIFICERBIEY o 33



37

e S

P =

h

7

w

NS

.37

4E
I

N

.37

I =

.38

o

II



B 2.3~

WP &

FA SR CR TR “‘”—’H]& ......................................................... 3

cE A RE G AR SR EQ016 F 2% 6P BAEE

FIRAA $73 M 5 % & % »T R F](Leelardcharoen, 2011).... 7

B 24~ 7 Ik il s 5 2 5 4f 120 s (Leelardcharoen, 2011)........ 8
Bl 3.0~ &~ @ 2RBAS AR 5B S e, 15
Bl 3274 ARBE M AR A REF LT e, 16
Bl 3.3 i3 A 5% BTG AR e 19
B34~ AR SF BT a2 350HBE 255 AR e 24
Bl 412016 & 5222 ks BARIE Z5EEA T e, 26
Bl 422016 & F 205k R AR 520 2RBFHRAIT.....26
Bl 432016 & 205 ky ERTTR4E R REAIT . 27
Bl 442016 #5223k Rl Y 8T R e UHFERTH

ZUVE R et 29
Bl 452018 & T8 ZF R £ 40 B e, 30
Bl 4.6 ~2018 # iy B MAY 22 2RFIFHAH . 31
Bl4.7~2018 £ Ty BHT L2 BT REA e, 31
Bl 4.8 Ty Bl A7 $7oc v & U AT A2 ... 32

III



Bl 4.9~ ¢ HHEERH 6.9 H BHEZ H A 5B B A F s 34
Bl 4.10 ~ ¢ RS 6.9 # BRI AR SRR S L34
Bl 411~ BRI C P B BFFELE oo 35

Bl 412 3P LP ¥ BFRZZ 2B EFT U TR e, 36

v



% P&

F 2.1~ 72 K il 48 5 5 4F 1 S dic(Leelardcharoen, 2011)............ 8
%22~ WA S AE R B(FEMA, 2013) covvooeeeeeeeeeeeeeeeen, 9
% 23~ %7 75 S B(FEMA, 2013) i 10
L3101 AT A R RET R RES BT A 14
2325 PR T ATEIB I T oo 17
33 P TFAERT RN GE BEERF 18
% 4.1~2016 3224 kb BTl &2 oA X HE 28
422018 F R B L FARFAF SXHFHEE 32






MELTERFFEFTDE AT L L L
o AH IR BT FRIPREF A RPHEAERLT S
%?ﬁr’—’:#ﬁ,ﬁ_‘ygf R ppEE ARG 20 T R
THEE A GR(p RRST A R L ETR)FPHE LT E

HP e S R D (A T A

2 M RS REAYETE A FE PR UERE I RY
FERISWARW T e I HA 0 WAERD XFIRHE K - Ko 0 B

»

7

RS ¥ R0 2 P RT B 5T ol 13

B
*

\
Wi
]
Al
W\‘l

2 e A I s Y A

12 &3 B e

AEDELRARME T 0 B AR R R R

012016 F2 % 60 FaF ki B2 2018&2 6p ik Rt
EH AT 5d B U ART R VRO RFES TR S 2 F 3T g 0
fet AERBIRY P F RFRZFHRR T A7 07 WS

6.9 Hofts RIF? T o AR SXAFHE R AF > TP T A SR



BN RN R RIS 0 N HEP LT IR (T e

o

>~
J=



A - D 2= £, v % = a2 2L e

2 F FEHEARPRIFTAAMRAY

AFZFAANEFREN FRERE F R4 RGP RER
WA S %22 RF BN PE S R 2 AR

MR SXRHETGRMAY > BiE7 B3 2 0477302 o

BB ALY o A SEEREE MK F T AR
MEE R ETHE - F - BAE S B R R AR N &

B PR RN TS SRS Y SRR Sy O St
WAL R > B F 0 &350 § 548 4 7 (Agrawal

and Zeng, 2016) > 4- ] 2.1 > 7 & * = ¥ 1234 iF 4 = (Handoff) 4] &7

foormd 5 Re B K w7 H M R

(Public Switched
Telephone Network)

(Mobile
Switching
Center)

(Base Station
Controller) BENE FEUE

e foiras
(Visitor (Home
Location Location
Register) Register)

B 2.0~ #5030 7 BT 30 B2 4

3-



AR SV HETABGEERET AR S 4] B(Base Station Controller) >
ZRis i~ 76 2 3% ¢ < (Mobile Switching Center):& 731 4, 2 3% » & B
@ kY o el E Y & 4B (Visitor Location Register) » 3545
TF AT I AR SIRBFRP P 2 T R T

PR R TR AR M RAE A SRR Y 0GR ek

A A % BT Rt A S B % 4 % (Home Location Register) » & 7 %
SER DB AR POLR T BRI TN o B R

BRI X ErE 2 L P < (Authentication Center)i * 3 & 4& >

|+

PRFHAAE RBEANL BRSSP AR BT RER

¥ (Public Switched Telephone Network) » 22 ¢k & i@ B3 o

MM ARV X3 BREn g2 ¥iET RpEL LRE
B E LT A A FA(Giovinazzi £ 4 > 2017 ; Lu % % > 2008) > & = i

-~

IR =2 ) 3 ERE S T

1. i 20 A3 53K o B3k

’&-‘F"g TP oo AMAR SAPMEFEL VN HHETZAL Y Bk
LHEHPWEETEP S 2 RIAMEEIETT o F > R L it
WA TR FAE R RERA D P A AR S F A A 53
SR LHEABATR TR A B ATE o 51402016 & 27 6 P

4-



FANBLE R RN 66K B B 143 ALK S H o R 2
s

RE Y CRRDT RFAR GBI ERE LT LY v ap2

B2 ENRERESX UGN

WA AR AR e R 2.2

(a)e o is] 50 B A 1 (D)3 & % H0%E

()7 » i ,‘#Wﬁ;ff*%
Fl22 ¥ 24Rds S U AR SARA Q016227 60 B3kt R)

2. ARBE A 4F kAL A ok
ii%‘%,fiffuiiﬁﬁ"",fﬁ Ap SHREEE A T2t R R RS

:%#B&é?éﬁé.@ﬁ%];!{x%ﬁ’ﬁ&é LR R A AL

IS

BAETT AMEFRB TS ARAAAG R < FRAN

=

FE T 402011 £ 3 9 11 pPARK 9.0 24 p A3 R - &

A
~ SN

29,000 B A 5o iF i B P 20%E R FFHAUREE 0 80%E_F)
L% 4% §733 X (ITU,2013) 0 g+ #h 52016 2 2 7 6 p B2 f ke 2%
BUHARTN > B AFRP G2 34 BAE SHFHEQA%) TP
R 109 B A 5 &2 EF(76%)



3. MM R FEE

A RA A 2t s A RAEN MR AR # FR
*ﬁ'ﬁﬁé ?‘ﬁ" R =NRTE e iR fa:% o B4r 1994 ‘?"L\ﬁ»’fi 6.7 2

R4 2 # & (Northridge Earthquake) » &8 % - % g i & 4T F
G110 1 5 T b 1995 ERHFE69 2 p ARAHE B RS- 2 R

mEH I BT ¥ 50 2(Tang, 1998) 0 ~ BB a oA jE ~ >

(G
#
&

BLHWE AR EREAFED BFA

d PERN P E AR BT ERT oM RS AR A

R EZERART] AR AR ARG SEE SRR

B0 B R A G EBA AT o

23 ARAF S RIFAERAMAS
Leelardcharoen (2011) 7 gel it~ #7348 5 X B A TR F]» ¢ 45
OS5 AT i fop 3R~ i 2 38 45 (Digital Switching Board)4g 3% -

4 0

R

=

T\
N

£3
w

o H Y SRR B ER R R FA R LA

B a AP Ee FHY RS VR TS Ak R o &R
BAITR R B APRPIN P E A e RR ERBRTE - RO A
BARUFIE S G AREPE TS % %A A R T



Central Office Failure

I I I

Building Structure Digital Switching Board Electric Power
AND
I |
Commercial Power Backup Power

B 2.3 ~ st~ 17 8 5 £ 2 4 stk F](Leelardcharoen, 2011)
231 ¥ AEBB S AN SRR AAMAT

NFE AR 5L FREVERF P T AR 5
RATHARR foir i 2 A BILA 2 RARR T Mo - TR E P

AR P ARG T 2 AR F 2 3 E W 4 (Fragility

I ﬁ;
/ =

\\\?’;r

B b B Rlhid B AR

gIIIi

Curve) &k 5 i » H 4 4%
) KRS A S po B A F L B Sl T 5 MW &

F & % (Lognormal Distribution) » ™ # * ¥ % 4 i B (Peak Ground
Acceleration, PGA) & # A t&2 % # » # S #d(Cumulative Distribution

Function)4- 2.1 3% ; # ¢ m % ¢ =#(Median) > B 5 1% # % (Standard

Derivation) °

p=ofm () e

Leelardcharoen(2011)#& il i e ¥ 47 7 F B Bl 48 5 2



BAE Y MUAC] 240 B A S liched 210 @ R B R K e A
% (End Office) ~ # #+4% % (Tandem Office) ~ 2 — B35 7 i & R p:d
#:2h(Point of Presence) » s} A% % *T ez i ¥ 5 Az 0 0 7 s
2 RERBHRETAEIRA R SHSRRI S HER T R D A
Wb AT Rl BT a2 At B B 0 B Y
o BRI ESAE Y o

# 2.1~ % F R i 4y 5 % 4F 12 % #i(Leelardcharoen, 2011)

K Rt 0.4 0.6

T 0.32 0.6

WA 0.26 0.5

0.9
0.8
0.7
0.6
0.5
04
0.3
0.2
0.1
0.0

—+—Point of Presence
—e—Tandem Office
-#-End Office

Probability of Failure

0 0.2 04 0.6 0.8 1 1.2 1.4
Peak Ground Acceleration (g)

Bl 24~ 7 R sl s 5 2 5 4F 124 4 (Leelardcharoen, 2011)



Bk 2R T R %I 808 HAZUS(FEMA, 2013)2 i 213K %5
PR R TR Y R B R 2o R
25 SdAcd 220 ¢ T AKX L F 4 L 2 (Anchored
Component) % #& 47 Z_- i# (Unanchored Component) = #f o

422~ i 3K 4 3 S B(FEMA, 2013)

A5 F M P H(g) E#Z(2)

PR e 0.15 0.75

L & v OR AR 0.32 0.60
2 K B 4F % 0.60 0.62
EREE 1.25 0.65

T PR 0.13 0.55

Y PR AR 0.26 0.50
2 K Y B & 3% 0.46 0.62
EAE 1.03 0.62

232 T ARLBEFETCHMAY

2 WD b % 0k HAZUS(FEMA, 2013)2. 7 4k %X 23
e PEFIRC-FLBIKTRET T HETRREL L FE
WOARSHC T L B B R REGASKV I 161kV)~ ¢ T R(161kV
2 69kV) > MRER(69KV I 22kV)% R 47 iR~ ¢ R Bk

EIH o~ 2 2ATRR A 2 B I e 230



%23~ %7 903 1 2 #(FEMA, 2013)

Sl AR P i () =% Z (g)

AR 0.11 0.50

‘ , PR AR H 0.15 0.45

B RBET T FA
B AF 5 0.20 0.35
= > 4p 0.47 0.40
A PR 0.15 0.60
v T

P RET A B4 *% 0.25 0.50
B g 33 0.35 0.40
EREF - 3 0.70 0.40
¥ B % 0.15 0.70
= pr

TR o R AR % 0.29 0.55
B & 3% 0.45 0.45
= >4 0.90 0.45

YT 33 E 4 (2014) Bk % 4 (2014) 2% £ ) HAZUS 2
Rp AP AT 0 B B#F F T 5 (Taiwan Earthquake Impact

Research and Information Application Platform, TERTA)» & 3 & 3= gl ~

PFHCE A S B TR F LS B F T R NR RS 4T

A
I =
m
>y
Fi
i
L
B
G

i LR AT % 2 B AR(SHP A -
KML 4 & CSV 4#)e ##7 3 # * TERIA T 52 &7 4 & 2478

FATE TR R WA T AR R

233 i AMET A AL RITHA REAH

]

= % <r h > £ ! N % N N 2 _
R R RFRLL TR ERER FARZET - F 4

-10-



B 82 4L 5 4p i (2 (Interdependency)- Leelardcharoen(2011)#% 413
W ARfeR 4 AR BIFRAP RS T 2 i BE T AP S

I FTEE R ¥ SE TR

P(Etint) = P(Etkg Y Etpower) (2.2)

Ry

B9 P(Epine) 5 5 ok SuAn L2 TS 0 Eppo o # R 3
WABIIRE L B power s ® 3 P B A G AT 2o MR B

F R AR FP(Egg)® R 4 P BT R kM4 ok

&=
L

P(Et,int) = P(Et,EQ) + P(Et,power) - P(Et,EQ N Et,’power) (2-3)

TF’s‘g/{{Et,EQ’fr’Et,power ERCI L G I

ke
<k
i
(w
&=
4y
|
;:

AT T Epower LH 2 LR R BT Y W2 BT HER
B 5 A e T 0 P (Eypower )T 1T I 8 P &k

+ = .
* 7T -

P(Et,power) = P(Et,powerlEp,EQ) ’ P(Ep.EQ) (2.5)

11-



it

B S8

5%

L
(=

& (Coupling Strength) % #c ; i

& 5

¥ ey

7
—~

i

Eui2

4%

o

- X =

B0l 2 B o1 k4

i

i ul/];_u%@%g:; v

RN 5

i3

i

2K

=
4

& ?Fié‘:"

EL
z

5=
At

-

4

v LR A

NS
=

Vs
— ‘—%
=3

2T

iiLFFB‘gE"

12-



- -3 . e ) l—":_{,,' —\--‘,/_v_ ‘.‘-I-
Fzd ARAR SRR B
d B F RPN PR BRI AR i S WA 2 LA
BF R L AREBIFZ A Ve TR AT AR BN AER

LEE AR SRR S E R T

31 B AJRSE A RN SR

HoH A AR S AR S RGER A Y B E
Leelardcharoen(2011)#& 71 2 i 28 5 5 p M d R (4c@ 2.4)- H ¢ > ¢
BB SRR ARBRETAEHFR AR SH SR My R &

EF Lo RIS ATNRT  TUEY P K -

ok

2eF SUTE S =8
it a3 UL R EF (Rl AR TS S B
3L RBEAMBRRTRFE R E- HIFLT L

% SRR LEE R B

4

AR S A (Rt S

._\—-L—

\

2‘3

TERIA % 4 2 &4 A & B AL S32(4 3.) 0 A 308 fRA ~ T2ERA »
FARZR 225 At RR R R B S F KT Bl e
MR R RS o T AN BT 2 s o )
WL RFRGE* At RN RE DR R R 2 (R S

WO ek 04g BIEL L 06g); @G NAF BAT TS

RIE* P s 5 2 Sde(? 8k 032g~HF L5 06g) FHAL -

13-



T
o

=
¥

RELRT 2. % 3p 10 &A@ 3.1 -

30 B A A RN R RS B A
h

- Bt R | P AR | MatRR | ARG
“ & % & % & % & %
F 0% 51.0% 24.6% 24. 4%
7 0.0004% 52.5% 33.5% 14.0%
e [ # 0.008% 21.0% 74.3% 4.7%
37 8% 64.3% 18.5% 9.2%
377 Bh 8.9% 47.0% 36.0% 8.2%
o &R 25.1% 45.2% 14.8% 14.9%
40 29.8% 50.0% 14.1% 6.1%
§50 B 8.4% 63.1% 16.5% 12.1%
% PR 23.3% 47.9% 16.9% 12.0%
Z R 27.6% 45.9% 8.2% 18.3%
%7 36.4% 50% 0.01% 13.6%
&% 30.4% 43. 4% 9.2% 17.0%
- 19.9% 55.0% 13.6% 11.5%
Bz 0.7% 28.6% 60.0% 10.9%
B {1 3.7% 39.7% 44.7% 11.9%
RS 49.5% 16.5% 19.9% 14.2%
TR 46.6% 35.6% 3.4% 14.5%
ol 39.0% 32.1% 19.4% 9.5%

14-




0.9
0.8
07
0.6
0.5

REHR

04

0.3

—Eﬁﬂﬁ?ﬁﬁ(qﬂ M= RERI )

0.2 —H {6 R(EWEMREES)

01

0O 01 02 03 04 05 06 07 08 09 1 11 12 13 14
s R ANRRE(Q)
B30~ K ~ o Mped @i S5 d &
32 ®APERBAAE LAMTER

BB RET PR S R L AR (7P 5K TR RT A

b
-

EAER R e P B AR HET A N R E A ER
AP PRPREAAY S F T AP 22T 4 afoida i
Mz Ap k@R A R ARACR] 3.2 0 9% A @ B A4 1% TERIA
T oz R EF T ETR RT TIRARR o BT R
B SRR T THEMBEE L RT AT AR AR
B-HAriER P T AR S Az BT TR R HAAR
ARBLE > B AR P AR S ATt FARE T AT

Bt TAERT TR 400 BERAFERZ AR SEFF
BRGNP O RFTRIY PO RSB YT ITERZ

-15-



iig?l foe @ MELBE > BT 977 2B BRE T #7(Extra-High Voltage
Substation fj - E/S> & B ¥ 345kV *# 1 161kV)~— =t % T #7(Primary
Substation f§ £ P/S > % BjE_161 kV *# 31 69 kV) ~ e T ¥ T 7
(Distribution Substation f # D/S » & B&_161 kV *# 1 22 kV & 161
kV *% 3 11 kV) ~ 2 = =& fiz ¥ #7(Secondary Substation f§ - S/S > % &
69KV "5 3 22kV & 69kV "5 3 11kV) o d 3t & ,%"ﬁg‘] fie & bLg iy

345KV 5 F 52 o RABRET A L B HREES TR AT #

RIS 3t A3
. V#H;T?Etg*gﬁ 3

Ei AR
ETHREE
o - B

KieE ZEHE
E
I i B 2 ENGYETLEES PSR MR KEER

B 32~ % 4 i sprid2n k52 3p ik Br 8 A 450N AR
g o T 4 o & (https://www.taipower.com.tw/) 2. & B & T %
AR EZ P ERTBREFRRAR 32 P TR R TR
MR 2 B FArd 330 B3 N LR ERTT(RBRER

Hs Fi- 3%?‘? FL® P TT

g\)‘i
>‘1 S

“ o B/S)fT b TR 2 B ART IR R T

-16-



PERTTH M GIRBT RS F RS AR T HERTTREEY

"

Frem B - BT APO)Z L T RLT(D/S)E - T %D

SHSIXF W ERIBF R - IRT LB PAAHLT -

2018 £ 2% 6 p i RRERIHEF AaF RYFLR S ?
PR RS A A B AT AH RS e RATR D

BREEA BT RS MR REE RSN RS 3

S ER R PR ERE
LN N CR

e et p -
e HEpF

- ts7 4w

£ - —

ﬁ f\;@-ﬂ E L

%’%«? e
Py
TR R R
TR R
5 1t TR
LR

-17-



She
I

A
?‘ffg‘f’i’{’v
TEE
150 A0 H
tat 28R
TEEY Y
’fﬁ@ﬂ Eﬁ‘:f:?‘:
:?‘péﬁ ? 7 %
f‘;éﬁ 7 it %
187 o ®
R
1a0 Ay
130 Py w
TEETE
TEREE
13787 %
Ea 3 AP E
147 hew

Yoo
-

=1}
fﬂ.@.
g\—ﬂ

-

H-
8
-

£
7

A}
-

-
K-

N
j\

i
=

I~
ia

N

I~
lia

=

h

=
S I R R B R )

I~
ia

[ - [T ) K
|
e

SRS

T 4B |

t

SR
dre |zl | B || | oh | B | A T R R R A | T
\ﬁ\ﬁ\m\ﬁ ﬂ,\ﬁ\ﬁ\ﬁwﬁwﬁwﬁgﬂ@ﬁgﬂgﬂgﬂ

f‘“izim
=i ok

[ A S
o [ AR
=& CERE Y
12 THEE T 2
LN TERE 2
12 i

T
7
=

o
°




oo X RIS
L HGERE R A P e R AR S 4k

Y

N

RA GG iAol 330 A uhE e
FCR (PR F)

\

(s
|4
e
1l
=
e
had
T
>¢

g > M

23 ERERN SRR E
S R M K AR W I A AT B 4o
(R IRENIS A SBIR ] (FEEMEIERN]
1EEEAEBEh R BEBAIZBIBIR
mEEE DT (TERIA)
!
HURBREDE | 2 HEZ @SB
B amoas booss| BmasEmE OEFBPEMN L - |Pmrt : mEmEs0s
SR PERR T IS, | #E : 025<RmIE <05
3 EGHEBAME
>0.5481&
1
| 1
45t EEITHE S.ETE Liaatg BTHEEMSER() |
M U A T R 2 6 [ 1 52 AT
2B E(a) K&z E#itt(b)
= J
T I e—| TERIAY (& B BAATIR
Eiamno | [7i8sanEs W0HAETEE |Sampis g
TUBERBELL | MERBEE> REBMELZE | docxovsm
st (B 585 Hith S 28 S 2E (d) x29(¥L )
ERIGE : NCC ] : T % 29%(Tif5)
1L MAKFEINS
ST
axbxc+d

3.3 kst ook BTG AL

,L
=N
~ ; E\} ‘r%;

1. B fe it 3 4 4eig
M 500m x 500m e EH v FBF P L AR R

b RE

7
“~

2 P E RN SR

S
Bk

Wk et 3 A cd B A A RE 5F Y R(HET B

YR = 3 e
TR BAT (F BF AR >

Fd s 4o 3.1) 0 %
-19-

BLH#L

NER G RS =



P04 g BB 06g0 & NT KA 2 Slch ¢ 8 032g-

# X 06g-

o

Bl FLRZFWIF =05 ez THIFHIF

d R FAL M B L B € R A CBiE AR
7 % s St H A FIR PR B R ME R MRS R S H e T
FBREROIIFWT AR T IR BEE D et LR

?F(%Kﬁ_ﬁ W )er-L p=Ed jgﬁﬁ_} » MiE BB S ao

)cL

5. 3 BRI F 205 wiin E R E TG
LW =05 ‘?‘kﬁﬁiﬁ,ﬁ oo RN A AR EP AR L7 0 F
e A% > FIUF B LW F =05 e RIGEFFEZERREL

mAEY 0 K BT RGeS b
6. WP-L TR HRAF o B
Rpl @t ¢35 B 7 ¢ e L FrR(GRED &)U
2 A £ %2t (https://www.ncc.gov.tw/) » & 35 4G ~ 3G ~ 2G A

cBE o N EHAAY SHEESBY PR 2T E X 3G 2G

20-



E—E/ ‘/ﬁﬂ)f?\‘”'?]wﬁxw#?ﬁ"}”"kﬁ»" i.°7r§§”‘1;¥.2016

i)l’&

E20 6pREERRZ2I8E20 6P R REHATRE

h
=
IS B 4 T T2 R B SRPTHE UB S F AN S 2

8. BT Uk RATHA 7
g R AR R B RS R~ TERIA & 20 A4
LT L BT o
9. EE? R S ERFHET T
T HE AR SHFHEBF =05 579 BAHE UL o THBFA
WO025fc 05 2 B AR GEY R S EERFHET T

gt 025 FRIA AR

10. 3+ 5 2 7w Flieg m 4202 A8 S#kE

A\

PSR A T RRT R TERT AT E & IR P

Blzo kp 54324 TR RELE ZEREPFTIHR > Vi

RS R S RFRETS B A LR GEF RS SAET



PARERNAA - R RETS ARG T UER BT E
AR RN AR S FEIT R ERRETS LA
Hond Y SRR AN CRZET AR FLF RFOF
GG BT TR FE AT P A FREAAS L4 w2
Lo

95 2016 # 2 6 p 3 EREYEFI Rprad @i

Bogims 0 R 54w s S0 TR #B R R R S

L#ngz%}k‘j? ~ £ 32} f*?%?'—”%%?%‘gf’,}'{?‘, B4 33 TR T At
MM G E BB AR R L R TR D A W hY R

3;’};? RS ,@ﬁigipg Yo T ol

=
NG
W
A
=
o
S
m
(=
-
i
\-'-H
(2:4
-k
=
e
'+
T
M-

()#-& 7 rc T (FRE7 F) R BaF A o 4 onlic® % 1 & AR A
PooRE B ARRERAE SFBT AT A o

Q3R ¢ RIFH Y b R T4 0 £ 32 R T HRER
FEE O VGEE B ERT PR EN AR S T4 Ao
bldrh % 5] TERIA 3257 4 #5% 2 £10 BAEZ BRET 57 AL
o #ied B SRR OTHROAR 54 BT AP AR 4 %u 2 ¥
FIVAERTRPRERP Ay 5 THELAE A5 W% e

GYH* =R IEAT AL P RT3 B 5 B R TN PR AR



2 A S TiadacF A A% 6| TERIAER G £ RBR%T
AR BH BB ARFLAR SART AR TIEE

@2 R TR E o 233 F 0T T2 A PPk

ARTAE D R XRLAER R ERAY PR B Pi
Todhb ST IEA L E A - IR T T (R R R TR

S EER DAY E R

=%
N
=
“
po

TR AM S TIA T AL o A%

ke ETE SRR 6B BT

-

R TN

&6 TR

Ak
=H
T,
_j;
’f_‘j\j
é_‘B\’
N
T
bt
P
Sk
]
>
&~
[}
)
~
w
N’
.=
-5.:_
W
A
=

ERAPHE 0 A¥ o AR A5 2% RS EET - H T BT
PERT AT, 0 P R A SAE A S 9% 0 R
W2 ¥ SARE A G 2% FA LY pARLIER T FET TR
B(RER) @~ PR r I RaEi ) R ZIE3T MR T TR

W(RAEM ) @+ T R TATEPREL DEHR -



RN L% BT F
FiAuE -~ Aibg
RIE 5%

0.25= 54 TP
FE M % <0.5

KRANLHE TR
FIHE ~ AHs

|

kA 2%

ARNT 358 BAT#
BiTHE ~ Aws
(B 2%

R &
RIM|ME=0.5

RAT W8 T A7
WATHE ~ Xib s

k3B 7 9%

!

Bl 3.4~ ke S FliBT o 4 ik

BATH B S R F il

ey

RATHETHE
FBAHE - A
%A 7 2%

A,

24-

55 v
%J' B OLAR




Frd HRFUSNZE KRB

¥R etk k0 2016 E B E LK RE 2018 £ TR B

—~

(Eé
e

e MR SR R A R T A
b e s 2020 E BRI CP B BRI BEEAAR SXFFR

%T%UJJ ?T% éxa ]L:VT,\?;_ f%%#ﬁ,%q o

41 2016 # 2% 6p BEky REb|44T

BE LN RCLE 6.6 ER 14.6km)EiT#E & R E 2 #

'+

%’#%$117&7”“ ‘546*%1’%;“,%1}‘-1?}, %;ﬁ.i)’(;’;fgé&i
’\;Q%*?ijﬁ' v ¥ 35 173,084 = &7 ~ 143 B Ay S omiEEITE(P IR
2016) > Bl 4.1 5 F ipls A 4ik B A F 5 oif B 43 250 gal 23 R (i

3’}3‘%—’1‘) ‘glﬂ’r&i@j "!£ ‘1':1};/"'/2";‘“‘7 ﬂ'/i‘@;})\‘r/l }'{‘@o

PR R AR AT AT A S E B LSRR LI G

Bl 420 F g AR SR R eE RS R ) A iRE RS

=g
(w
T
\—
T

POE(R 4] 2d BE)AREE PRI A RP Y

$ 31 -

25-



* BER(REE6.6)
ih 2% N3E & (gal)
0.8-25
25-8
8-25
[ 25 - 80
[ 80-250
[ 250 - 400

Eiﬂﬁi

0 10 20 3({““

B 4.1-~2016 & 225k BR PRI E2hERAT

* ER(IR1E6.6)
AR SRR IRERE itk
Bk

L hEkE e

B 422016 # F223 ke RAMAR S X LFRBFHKALS 4T

26-



$ ¢ o d TERIA 32 8 7 »T T H254c R 4.3 0 ¢ 2305423 B

FRANES) S A AT RETANES)E Y ARG D B

* RR(1156.6)
WEFARER AWBE/S XPHE/S
¥ gsar

% can

B FHRmsm

(] MR H BT RE

[}
el
A0

B 432016 & 3222 kb RRT L E BRREAH
FEAWIBRUFE FRAF VAL ZKEL 41 B
LAFRRFRERAL 4L A LHAFRTHL M43 B - g

iF o

-~

27-



% 4.1-2016 B3 ke Rimh & Arch AR o X IKE

po s | AR SR
irg',?% D PR 7
TR SRR 8
TE L 5
a7 3 15
- R e 9
I ERTES 10
%37 M B E 5
% a7 iR 11
%3 QN 1
e o % 1
%rg'a'ri ¥ % 1
e 3 L% 4
T ¥y % !
45 X3 % 6
- PE R 2
’_%rg’i"% KB F 9
+ 33 =4 F 4
@ L E 4
14 3y R 2
40 frs % 1
350 T % 1
:%rg';’n'ﬁ ET?IA“‘?V 1
ta0 ik 0
TE Rk 0
TR R 0
B e 7R 1
Bz o 2
Bz < R 4
B e B 2
B e N 1
B [ 4
,?‘I_,.%_r‘ LW 6
EA T W 6
&5 7 i 2R 1
B N 4
% LBk LAY -: R 0
2 A = 3R 2
£+ 141




B BRI SRP IR (E )R U AR L

* ER (JR6.6) * BR (RiH6.6)
[ & Em e i T E EHBRTHE

10 20 3%(!11
(a)v‘t'p LA 4 LﬁTf”JﬁiTﬁf (b)ﬁé}v‘iﬂ‘i LTI
B 44-~2016# Bz ky RiFid e STERFE LFAFTHRLI VR

42 2108 # 2% 6p fCiEF R4

R R(RIC62 ER 6.6 km)ig & 17 A 5= 22095 4 £ 1§

PR

Bp A EA KLY 0 & 3£2,008 P BT ~T0 B SFEL PR

"W

ME(N 530 2018) ° 19957 A F R b BRRBTE > Fl Az R
BASERATACE 450 H P D 2 £ HRERE INE B 4 4cik B
%3400 gal(fd T ) 0 FE AR B IR IS IRE B B ELS JRIRIN

b H 2o A Aeid B 5 250 gal 3400 gal(hs i d R ) o

9.



* RR(HH6.2)
SR (gal)

0-25

258

8§-25

25-80

80-250

250 - 400
mam N >400

10 20
km

B 4.5~2018 & =it BF Pl £ 4 R

PURRIE A e E R A A AR SLIR GeB 460 7 F DA

PO REF R ART)LRF AN ARBR AR T PRI
BAREEE AL L 3TR

LR SRS o d TERIA 35 % T 472 )40 ] 4.7 -

\:]

%% e TR T A(DIS)E ¢ AR T KR (PIS) B AT
B e 8T 7(D/S)E MAT MR o8 AT g 2 2 7

Ar b T REER R RA G TG T

Iz
A&k
=H
g
T
S
S
H N
_\?‘_
g
%
(\x
o
=
H
Tl
&=
~
L
(2N

om0 T4 WA SE T B S 300



= B
B 3

AR

* Ed (17156.2)
BRER A RIRDZBER

{82 B

#7{D/S

LRFARRER

% cm®

£ omi

SR NPHTHE
0 s

10
km

B 4.7 ~ 2018 & =i

31-

ERT TR R eRA



B
e
H
=)
-nn'\-
H
I
17,
T
Ee
w\

%@% B SE 67 B e ;é' TR E—E/'

c X EE A 42 A LHFAFRTHL T0OR

Iy
ol
S

)

FREEETUFAFEL LFRRR 48 - FRFFF- X 2R
BETVFREFET AN U2 2 AH

-~

% 422018 # i H B L AR AR X EKE

Fr FRELT T Ay o X EE

iR i 56

- iRk % R

Y 7 R R

1= * %

i AT 5K 2

& 67

* =R (116.2) /M\} $ § [*mmeamed ﬁ& ',
CI S P E TS o | [AERETRE il

g 0 10 20

,./-’1 ———— k)
(b)ﬁiﬁs\at,. LT
Bl 48 Tk Rl AP $rEl w2 CHFAF TR R




43 2020 # WP C P F RIFRHALIR®
PECIRE B E K B ORE HRK L2020 E R RE P H RIFRES

BYOHRARAC6.9 K B AT T R RS RAREA

~

,J‘ ‘E";inﬂ':‘.&a—%é:”}ij”}+1%i%-ki F}t@(%ti}i‘iig)’ ﬂ\

N

P Y AR ) I AARE BRI R AL H B 0 W49 5
PR BEAE B A B A 4eid BT 908 gal 0 £ 4eiE B AT 400
gal ik Fim Fh 2B~ F D~ LAREN £ 39 BERE FIL

‘b 4% TERIA T o ad7d g2 P alf s L R G- B - if

g

PR v R R AR ERD 2 HRIEZ AT RSN K

2

SULBIR BB TR R A R -

N\

RBE L LERAT LAY AERFZE TS A TR R

EEFCRT LAY SR L AR AN LR W
FIAK SEFFAN TR LR oH 4100356 £ 5483 BAK ;

S h T FAT A 5 H(5,060 B); & FACH A S EATF AW
1238 T5%(e ¢ o )is BAR B E T 19 B AR 0 BE A

T 2.3 %Z:L\#"L"Eg:_é_ 5}? ETE T, ﬁ;%ﬁ;aﬁ'o

U izdg 2017 & 5 11 Py 36FY & LTI EIMARIAEL ARNMAIERAGR ) 22 L
e PRFLEFRER e RRFE T2 FFE 70 L5 %5 “’J’—”%‘rﬁﬁ
Fir e :’\')r}: L)Eu)gl K&T’ SRS R0 SR i :\:fﬁ':}'g_fp I El(d 7 SN B s 2 BRI P
AR RS RET L LG > FURE R B P ApBEIRE BT R
SR LA R R AR CFRHK -



hilimiE (RE6.9) - f‘gma, s e w;j
- ot PP
ﬁﬂﬁf (1908(:} — (, e S,.w._..nf- il
- 9 L, HFE
Q, [
100 - 200 ﬁﬁ 1 st T
~' e fl_“¢whwﬂf\xu

= 200-400 :

B 400 - 600
m 600 - 800
B 800 -908

PR A=E

y ¢ g%g ey FWE
02 46 810 1 Eml—ﬁ "
Lo REE
—— T ) ™ BLE | ﬁ%gﬁ

W49 ¢ MR 6IH RHIRL M At A AT

i iEM6.9 -
Bt RRE S E Fﬁ;fﬁg..
0-10.0 4
10.1-50.0
1501 -75.0
[ 75.1 - 100.0
S
Bt EitQFENE
EEh 5,069
Bt 234
R 158
BED 22
ast 5483
(a);;u» EAFE A (b) & Fh7 A4 M#Fﬂtﬂ

4.0~ ¢ g 06,9 2 BHRL S & LR 5

34-



AERBRFP Lp N Ea D mEe S FFF 90 21 p k= 921
Fodh 2 s o BUETRRIARE > J PRI L BRI R (0B
4.11)0 2. 16 BB L BT R I EIF R & 7 L EIVHFEme L

B R AT AR 4 RETR U X b a0ich § o 02

—

2 CE(ASR) TR TR ~ BB L BIFR > R R LR FRICER LT
%%%%@%?ﬁﬁﬁ»% FE o LR WA BT B ()RR

2020) -

()3 2 ()R FeEE 2 i A
411~ BRI P 3 R S

WYETRE B R R AR R TR & TR LR

PR EE LS eR AR EARTREFL LR FREN L

o

RIS F L T AR TABE B LT 2 ) (Emergency

Management Information Cloud, EMIC)# i€/ R > 2 ' I# ~ W & & & 4R
ﬂﬁﬁﬁﬁﬂ’“kdﬁﬁﬁ\WEi%Wﬁw‘@+F&%T%i
EAPRAR TTE o

35-






3
4
St
-
%{\7
%
IS
b
3
g
d
-@ .

I 23t Rk 23rE2 T4 7 88 A FF -2 2@ D52
PTG RGN E A Fgd 2016 E g E k R E 2018 £ 1

B2 R0|%E RS TREEFE AL SXFKEZ

52 A%XFF 3w
AREFIRAAFH BT AT BT L BEF T ER RS
bl g A 47 05 -

2. AER A B RN 6.9 ¥ BB EHEY LT3

£
ARHF LY L LT RART RS RFRERE 2 H



54 %

Agrawal, D. P. and Zeng, Q. A. (2016). Introduction to wireless and mobile systems.
Bostion: Cengage Learning.

Giovinazzil, S., Austin, A., Ruiter, R., Foster, C., Nayyerloo, M., Nair, N.-K. and
Wotherspoon, L. (2017). Resilience and fragility of the telecommunication
network to seismic events: evidence after the Kaikoura (New Zealand) Earthquake.
Bulletin of the New Zealand Society for Earthquake Engineering, 50, 2, 318-328.

Federal Emergency Management Agency (2013). Earthquake Model, Hazus—MH 2.1
Technical Manual, Department of Homeland Security, USA.

International Telecommunication Union (2013). ITU handbook on telecommunication
outside in areas frequently exposed to natural disasters.

Leelardcharoen, K. (2011). Interdependent response of telecommunication and electric
power systems to seismic hazard. Ph. D. Dissertation. Georgia Institute of
Technology. USA.

Lu, M., Li, H., Wen, Z., Tian, J., Xiong, L., Du, X., Yu, A. (2008). The damage
characteristic of mobile communication system in the Great Wenchuan Earthquake.
Proceeding of the 14th World Conference on Earthquake Engineering, Beijing,
China.

Tang, A. K. (1998). Factors Affecting Congestion (Change of Traffic Pattern) of
Telecommunication Systems and Networks. The Workshop on Performance
Criteria for Telecommunication Services under Earthquake Conditions, Stanford

University, Stanford, California.

i FTIR(2016) © 0206 B2 £ ER P L LT R S REERL .

w
N

M FTFR(2018) 2 0206 TEE R L P L LT R B ERS

N FCER(2020) ° 109 E R 7P L P A R R L P I LR FRT F3F -

-38-



I3B~FP - SAG MAZ RN 20 2 ERQ014) 0 < F M
FAREH RIFIFSHL LGRS F PRI MR B
¢ HidE £ > NCDR 102-T14 -

Bl ~ L @3 ~ Fiedd P 2ER 2P 4 EE - T (2014)
A PE TR EHEFFESFFREN TR GRS AT H R

W fFRFE MR T Y o HFiR 4 NCDR 102-T1S -



TR AR 58 BEF TR R g

FEAIHTE
DR BRI

1

DETAT AT R A ATECZ B 200 55 9 2

Y
o
e

EH

7% - 02-8195-8600
FF2 = p P R £ 12 7

diggE 7ot P FA R 110 & 01 7



ik 23143 T AT /S & CHT S = BR2005% 912

i

&5 . ++886-2-8195-8600

BHE : ++886-2-8912-7766

494k ¢ http://www.ncdr.nat.gov.tw



S S EEHRE AR

LUBES 28t R Bl

Development a method for disaster impact chain
evaluation on transportation systems : pilot study for
evacuation roadway system

NCDOIR
17 BUiE A
RS IRRHE I

National Science and Technology Center
for Disaster Reduction

BRKEHRBE RO

HERE 110 £ 01 A






S S EEHRE A EE

LUBES 28t Bl

Development a method for disaster impact chain
evaluation on transportation systems : pilot study for
evacuation roadway system

e ~ SR ~ f[2EE) - BEEE

VA

NCUOIR
17 BLIE A
BRSSO IRRHE I

National Science and Technology Center
for Disaster Reduction

BRKEHRBEH O

HERE 110 £ 01 A






EE £

Wy o g FREY L LR TR RELE R F
Prors 2 SR EF R FE L 2L EHF R T F L

RELTREFRRE PR FTEA > 2 R@IE K%

FE¢ 51004 & 2 RS, A E R 1995 Ep AA 2

B~1090 # £ By R 2018 p AABEHE RE RS @
SERSEFTSHEMER - A2 P EHERIA R FR D
WD @ ieod > mRE R EF o T TF R

FoRF B PHLITELEF o
AP ELT AR KT RESS
2 RBEE A EFE TS R TR RS T

Vb s RAF B RS BB ERTEFETE > FE

b

T

g
- BERAEE AT T HE RS R RN

Rl

v L8

7

o

o T RE R MRS EELFFA S R s g

\v

AR BT R E A BAR R TR o

MAET Bk R OU B ae R BCRE i B I ¥



ABSTRACT

Transportation systems are vital to urban functions and connect all locations
including habitation, workplace, and public units. The systems also have special
importance in maintaining infrastructure’s operation because all other utilities and
transportation-related systems are directly or indirectly linked by transportation
network. The road network is crucial in emergency response, after a strong earthquake
to offer a safe and efficient transportation for emergency medical teams to help affected
residents. High and rapid urbanization in Taiwan has been leading to increasing
dependence on the transportation infrastructure. Experiences from worldwide
earthquakes highlight that ground transportation systems could be vulnerable. For
examples, cases h in the 1994 Northridge, 1995 Kobe, 1999 Chi-Chi, and 2018
Hokkaido earthquakes, roads and bridges in urban areas were severely damaged by
ground motion. Additionally, in areas with high building density and high intensity,
estimating the risk of road blockage due to collapsed buildings is of particular interest.

This study analyzes both direct and indirect damages and caused by cascading
impacts when an earthquake hits urban transportation systems and develops a method
of impact-chain assessment. This method can, in turn, be used to develop an earthquake
disaster response mechanism. This is conducted by simulating earthquake disaster
scenarios and then evaluating the risk of road blockages. The results of this study can
assist the authorities in making better decisions regarding transportation system

management in the event of an earthquake.

Keywords: Transportation System, Seismic Impact Chain, Scenario Simulation,

Road Blackout
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#7 ) a m; )i M B3 pa Ms Ps
HWB1C| 0.25 0.402| 0.5 |0.668| 0.45 {0934 04 | 1.2 | 04
HWB1R| 0.25 0.402| 0.5 |0.668| 045 |0934| 04 | 1.2 | 04
HWB1S| 0.25 0.402| 0.5 |0.668| 045 |0934| 04 | 1.2 | 04
HWB2C| 0.25 0.262| 05 |0.287| 0.45 |{0.313| 04 |0.338| 0.4
HWB2R| 0.25 0.262| 05 |0.349| 0.45 {0435 04 (0522, 04
HWB2S| 0.25 0.333| 05 |0.396| 0.45 {0.459| 04 (0522, 04

L7 LA

CERNES B IREWLE FIE e & 2
(Hazus-MH MR5 > 2010)

] lpgd mo B2 M3 f3 M4 fa Ms Bs
HWBIC| 1 | 25 | 0.8 | 50 | 0.8 | 100 | 0.8 | 200 | 0.8
HWB1R| 1 | 25 | 08 | 50 | 0.8 | 100 | 0.8 | 200 | 0.8
HwB1S| 1 | 25 | 08 | 50 | 0.8 | 100 | 0.8 | 200 | 0.8
HwWB2c| 1 | 12 |08 | 24 | 08 | 48 | 08| 96 | 08
HWB2R| 1 | 12 | 08 | 24 | 08 | 48 | 08 | 96 | 0.8
HwB2s| 1 | 15 | 08| 30 | 0.8 | 60 | 0.8 | 120 | 0.8
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