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TEHAZ IE DD JREE D TR oottt 12-97
HARDFH Z BROEFH] (BEFGEEN  IR PG H AR OUIER) s 12-97
B d Uy -0 v VRO 12-98
YIFFE D BT TEIATHN B AR F 7 BFBR) o 12-98
FHARD EHEIETEEED TN oottt 12-99
HEICALEE (B3 BHE  Z 7 FER) oo 12-99
H AR D BLILBE D ZEAF .ottt 12-100
JCA K OBEFA X T 12 L 21 B FEEIFIHZED TR oo 13-1
DFEFEEROBEEEICTE (VL2 UL B) oottt 13-4
TERAT = a3 Y OHELET DERBEBLE oo 13-5
Baclaran B B HIFEFRE BT ..ottt ettt ettt ettt 13-7
Zapote V7 T A BB EEHIGHE .oooovv s 13-8
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X 2.1-6
X 2.3-1
X 2.3-2
%] 3.1-1
X 4.2-1
X 7.1-1
X 7.1-2

2012 = LRT 2 R E B 7 BB oottt ettt 2-5

EHOFIHBED TR FIHBEL. TA) e 2-16
EHOFHEDO TR =B EIAT ST TR E DL (o 2-16
2 TR EERR oottt ettt 3-1
LRT 2 BAREEMH OO T A 2737 2L oottt 4-3
LRT2 S DB ONF R D BFIHZEE HH) e, 7-2
BREIC L D2 BRAES GEH) OFFRTHFHEER e, 7-2
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W& 5 EAA R HAZEZR
AASHTO ’T*Qfgé‘;ar':a’;giogﬁﬁgg of State Highway and KA B S R T B T
AC Alternate Current A
ADB Asian Development Bank 7T BT
AFC Automatic Fare Collection System HEBSISZ v AT L
APS Audio/Paging System HEf = T AT A
ASCOM Army Support Command [P R S F
ASTM American Society for Testing and Materials KER B
ATC Automated Train Control H B8 B AL &

ATO Automated Train Operation H Bh 1| s AL

ATP Automated Train Protection H B8 H AL

ATS Automated Train Supervision B B8 B LA

AVI Automatic Vehicle Identification B AR

B/C Benefit/Cost E I PSEHIES

BCDA Base Conversion Development Authority FEHUHR AT

BIR Bureau of Internal Revenue 74 U e EBR

BGC Bonifacio Global City R=T 7oA rTa—r~ 74
BOT Build-Operate-Transfer BOT5z(

BPO Business Processing Outsourcing AR — LT

CAAP Civil Aviation Authority of the Philippines 7 4V v R LT
CBD Central Business District HRZ 67 X

CCTV Closed-Circuit Television Bt A T

CDCP gr(]nlr;lsrt)g:ﬁggn Development Corporation of the T ) PR - PR
CDM Clean Development Mechanism 7V — I A T = X L
CER Certificated Emission Reduction FORIEHE AR R

CIF Cost, Insurance and Freight i EORBREHA S

clip g%rggs]hensive and Integrated Infrastructure FFERAAAL LT T« ST A
CNC Certificate of Non-Coverage RGN GERE

CTMS Central Traffic Control System R AZ IR EH o AT A
DAO Department Administrative Order ITEU

DBM Department of Budget and Management TRATBUE G

DBP Development Bank of the Philippines 7 4 U v UBSERAT

DC Direct Current =R

DED Detailed Engineering Design FEAMER F

DENR ggs:;trr:eint of Environment and Natural I R

DFS Detailed Feasibility Study FEAN 72 SEBL ] RE A
DILG Department of Interior and Local Government W% BETEA

DOF Department of Finance iap ey

DOTC Department of Transportation and SRS

Communications

WS EE - BSEC-1




W& 55 ERA TR H AFERR
DPWH Department of Public Works and Highways NHEFIERRA
DSCR Debt Service Coverage Ratio JCRI R G 77 73—
ECA Environmentally Critical Area B 45 i 55 M B
ECB Emergency Call Box R
ECC Environmental Compliance Certificate f)%fi PRAEE
ECP Environmentally Critical Project REZENREINDFE
EDSA Epifanio de los Santos Avenue T NHE D
EIA Environmental Impact Assessment BRETEAA B
EIAD Environmental Impact Assessment Division REETEAA N
EIARC Er(;\rg :ﬁﬂggntal Impact Assessment Review A AR
EIRR Economic Internal Rate of Return ﬁ'@ﬁé’] IR EARS
EIS Environmental Impact Statement B R
EMB Environmental Management Bureau f/ﬂfﬁféﬁ%
EMP Environment Management Plan SR A PRI
EO Executive Order ITEA Y
EPABX Electronic Private Automatic Branch Exchange -2 N A Had
EPRMP an;;;;ggmz::aglzﬁrformance Report and B 5 2 Y VA S
ETC Electronic Toll Collection H BRIz
EACE JE?]{/?rgr?ri:gr?t/ for Asia Cooperation and BICTOT - BT 73 )5 4
FIRR Financial Internal Rate of Return SRS PRI 4 3
FMB Forest Management Bureau FRAE BRJR)
FOB Free on Board AT S
FOE Fixed Operational Equipment T RS AS A AR i 2
FOTL Fiber Optic Transmission Line W7 7 A 7 MEERR
FWD Falling Weight Deflection Meter 7o oA ELEE
GDP Gross Domestic Product [E PR PE
GEH Geoffrey E. Havers (Modeling statistics) /(f;;g ;7;5{%%)/\»—;(
GFI Government Financial Institutions U R 4 Rl BA
GOP Government of The Philippines 7 4 U ¥ EBUT
HCP Hollow Core Plank hZ8 2 Z 7 Hi
HGC Home Guarantee Corporation FRIRFEEAT
HOV High Capacity Vehicle 5 A FH EL
HUDCC ggltjjzlcr:lg and Urban Development Coordinating R R TR 2
ICC Investment Coordination Committee BERELZE S
ISO International Organization for Standardization [ AT B LR AE
ISM International School of Manila ~ =7 BT
ITS Intelligent Transport Systems LB R A Y AT A
JBIC Japan Bank International Cooperation [ Bt 18R T
JETRO Japan External Trade Organization BN i
JICA Japan International Cooperation Agency ] B b i
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G 1EAA PR HAGER
KOICA Korean International Cooperation Agency s [ ] B 1 0
LCC Life Cycle Cost TA T A7 a R
LCX Leaky Coaxial Cable TRIRIA o — 7 v
LGU Local Government Unit Hit 5 AL AR
LLDA Laguna Lake Development Authority 7 7 HBRA%E R
LRT Light Rail Transit System (Manila) ~ =7 HNEUEAZ @S AT A
LRTA Light Rail Transit Authority T4 b L— A
MERALCO Manila Electric Company ~ =7 Bh=tt
METI Ministry of Economy, Trade and Industry RHEEEER (HA)
MIAA Manila International Airport Authority ~ =7 [EBRZEER
MIS Management Information System PEEHHR S X T A
MMDA Metropolitan Manila Development Authority ~ =7 HH R
MMSW Metro Manila Skyway ~ =T EHEATIA T = A
MMUTIS gsgr)(l) Manila Urban Transportation Integration o = S I O A S 2
MNTC Manila North Tollways Corporation b~ = 7 AEhE K
MOA Memorandum of Agreement HEE
MOU Memorandum of Understanding wE
MPIC Metro Pacific Investment Corporation A vy T gy 7 REEST
MPTC Metro Pacific Tollways Corporation A a7 gy 7 ARRHER ST
MRT Metro Rail Transit System (Manila) ~ =7 THNELEASE Y AT A
NAIA Ninoy Aquino International Airport = A7 X/ [FEEE2E
NAMRIA 'I:z'ilhogr?:yMappmg and Resource Information 15 1 R 15 e
NCR National Capital Region R
NEDA National Economic Development Authority ESE 3R
NEPC National Environmental Protection Council eSS
NEXCO Nippon Expressway Company Limited ERNERUSEN Yy S an
C NEXCO Central Nippon Expressway Company Limited o H R e G E R A
W NEXCO West Nippon Expressway Company Limited 75 H AR s E Bk st
NHA National Housing Authority EZFZEET
Ni-Cd Nickel-Cadmium =)V RI T A
NLEX North Luzon Expressway by o aE
NOE Non-Operational Equipment AL R i
NPCC National Pollution Control Commission EFRAEHGEZES
NPV Net Present Value FERAE AT B
0&M Operation and Maintenance MeRRE ]
ocCcC Operational Control Center F_Nb—vary-aryire—)L- B E—
0oCS Overhead Contact System BER
oD Origin-Destination ZZE DL A
ODA Official Development Assistance BRFBH 56 12 By
OEM Original Equipment Manufacturer HFLET T v R s
OMA Operation Management Agreement T PR UE
PABX Private Automatic Branch exchange N FE A A
PAGCOR Philippine Amusement and Gaming Corporation | 7 ¢ U B> HR%85"— NANFE
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W= 1EAA PR HAGER
PC Prestressed Concrete TVARLVAary7J—F
PCU Passenger Car Unit 3 JH R B
PCUP Presidential Commission on Urban Poor A RNEEICET 2 KtEEZES
PD President Decree KT
PDR Project Description Report MR
PFI Private Finance Initiative RE&E®2TEH Lo At
PMO Project Management Office Tuvxzy NEHAT 4 A
PNCC Philippine National Construction Corporation 74V EUEARRSMT
PNP Philippine National Police 74 ) v EFER
PNR Philippines National Railroad 74 ) v UEASGE
POS Point of Sales IRoehk
PPA Philippine Ports Authority 7 4V B UUREST
PPHPD Passengers per hour per direction ARSI EYSUE
PPP Public Private Partnership B Rl
PSSD B:igggmsme Strategy for Sustainable R T
RA Republic Act IFnEE
RAP Resettlement Action Plan 1 B R S fi 5 o
RC Reinforced Concrete a7V —h
RIMS g;:ti rTI\]/Iaintenance Information Management RIS A s 25 A
RORO Roll-on, roll-off AT
ROW Right of Way HEMH
RSS Rectifier SubStation l_(nu%aa % aﬁFﬁ
RSU Road Safety Unit B
SCADA Supervisory Control and Data Acquisition ¥ ﬁ%%ffﬁﬁﬁﬂfﬁﬂ VAT I
SCTEX Subic-Clark-Tarlac Expressway ;éﬂt y7 7 T=7 ATy R
SDH Synchronous Digital Hierarchy RHIT X NNAT T —%
SFEX The Subic Freeport Expressway A—E w7 « T 4 FEK
SLEX South Luzon Expressway PV Y o R
SNC Ernst & Young ShinNihon LLC B HAAREEEAEA
SPC Special Purpose Company FERIE &t
STOA Supplemental Toll Operation Agreement A BB BEHER Al 2 AL
STRADA System for Traffic Demand Analysis RETRETHET L
TCS Traffic Control System Uit A A2 108 A 2 1
TDM Traffic Demand Management AR B P
TeG NGRPo | e St N | s .
TMP Traffic Management Plan A PR
TOA Toll Operation Agreement A BRI ARy HLE
TPCS Toll Plaza Computer System it AR 4 LN S AR 2
TRB Toll Regulatory Board Ry = e
TSP Total Suspended Particulate R IRYE
TTC Travel Time Cost HL A TIRE R ]
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W& 55 ERA TR H AFERR
VCR Vehicle Capacity Ratio A IR b
VICS Vehicle Information and Communication System | & A5 @G 5 > A7 AEA
VOC Vehicle Operation Cost HL AT BT
sc | g ek ds G S| s
UMAK University of Makati ~ AT 4 RKF
UPS Uninterruptible Power Supply I AR AR LS
URPO Urban Roads Project Office R T E S T
VMS Variable Message Sign BEALEIYR
VOC Vehicle Operation Cost LW TR
VRS Voice Recording System BEERE VAT A
VVVF Variable Voltage Variable Frequency AR R T A A AR
WACC Weighted Average Cost of Capital INESEEEARE M (FI513R)
WB World Bank SR T
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6 SR E 7213 1 B Cavite B & LT H A HAL TV D LRTL B ra st f=gids 3 BEA£ 0 20km @ LRT1
A7, 97245 Baclaran 7>5H A k1~ =7 Parafiaque & Las Pifias #it3 L, Cavite /117> Bacoor
FTHEMTHFEETHD, ZOFHEL, BFAHRE I HIC 10.7km IEfT 5 L & biT, FPkakiET 5 2
BROUE( 2510 8 RATRIET 2 b D TH D, IEMIXHD 5 H#J 10.5km DXL EZE, 1.2km DX
i a2 ETT A TETH D, 86D H H 3B (Niyog, Zapote, Dr.Santos) (2O Cik, FIHEDIEKE
i EDOMIGRRVBRZEBE L, A X —F—F Ntk L L TRAIESND TETHD, FloZ0HE
21203, Pasay 123> % Baclaran Bk 2 X 5 (2 21 FIHAE CTE 5 L ) (THEREASLIE 235 L | Zapote
(Z 18 HDREE L 18 5 ISP ESE IS FTRE /R A~ T X — )L DFT LT T A B 2 i+ 5 5
WEENTND, SHICZOHEEITIE, LRTADHH T ABEFREOWE L E EN T 5,

LRT1 SR m s F3E1%, 1990 %067 4 U B VB (GOP) OEHA 777 my = k
IACERT B TWD, ZOFETYEY), LRTA & FF#4% NC Lavalin 12 X - T, 0I5 0
RICLDEFRFEELKIDOS & T, NEDA-ICC DGR ZBIFT 25 CTh o7z, LA L ZOFHEIE, 2
FHM TR LOEERRIZOWTHEICET DFNTE ol lod, KTk o7, 2004 41
LRTA L, BFEIZLDPPP H¥EL L THEMT HFLIE LI, LLRNG PPP H#HOET L %
DOFER L L TBIIC L 5 FEE SO T 52DV ER M EZ TR E LTI T 5 FNRTER
Mo T2 R D -T2, T D, MOZERD D OREIZ X D5 HE % LRTA (3328 L, PPP 2 X
L HEO L IWT S S,

7 4 U EVEIFIIFO, AEELZZEEHOBEME . A ha~=T OIMAOFTT- et RO E &
EET B 720D, BIEH RS REE 2 LT Q0 D, EAFEIIBIEO T ¢ U U5
[ (2011~2016 4F) IZHEE L TW5, T72b bl @ HH, Fit alRE/RiE = h— 207
DOFHE I OFER A HEET 55, F 7R OEE S FROS BB TRERF DR EI 295815
HT, FOLEROKRERRE S AT LEET 52O OS2 2 L O TH D,

BI{ED LRT1 54#1%. Roosevelt Avenue 7>& Baclaran & T 21 BR. #J 20km Z &z L TV %, 2010
D BIE, 5.7 km QALK HYE SEEEE A BiAG L T D, LRT 158, MRT 3 5#t, 5L UVEDSA
i Y T MRT 7 B & BEGES ATREZR 28 U AT — 3 3 A DWW TCREIE, EBUCIANT =& Thh
TW5%, Pasay M2 LRTA 2S5 11 ~27 Z—/LO+HuZ, HIEFHA LT\ % 139 B4 521E L,
F72 LRTA Ok x @3 db % LRT 1 5RO B CH 5, LRTL BH(IHI 50 A1 H OFH#E
IZXZ HAIVTND,

EHPGEIL, BN RAOEE—E AL b, X0 RO VTR AT 5, 22 LBIED
LRT v b U—7 %, 8 HOMBEERZ KIBIZENS 572012, %y MU —7 OYER L fkie /1o
PERPMETH 5, BIED 3 AL, 1 H 100 HTNBEOFIHERH Y . ZIUIA ha~v=7D 7.6%D
IN—=V N AThTED,
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BUEOBIFOMISIL, LRT Y— & A OBHIIR, HiA. Z L CHkEIomncd 5, i Shik
B AT D LT — LV ARFEVRZ L B E R D, TDHRRDHRERA— A D% —
2 & O OBRI B % AIRECT 5 Ml ey 2T DENEZ HND,

LRTA 19 TlZ, 2015 4FE TIZFETT 5K L1 EXY D LRT 1 5 U B U FHEGREEDO NG A B
LTS, ZOFEHEITIT 23km OFUEDERE, T X CTOH—HROERDER, 14 HlOEE,
L O OMORZEMEE O ZOVEENEG TN TN D, 2012 FENICE T 5 TE Th -7, il
AT MMZBT D7 Y =7 M, BIES EREIZT 722 T T D, LRT 2 BRROIEMIEL, MRT
3 FRRDMEERE ) DR ZFHR L CWAHELH Y, A T T A v O—E L L TR ST\ 5, LRT1
RO Cavite FTOIEfIL, DOTC O H AR 22 BRE I DEE RS & —F LT\ 5,

12 FHEEEAFT—LA

LRT1 SR X R OIRSFIEE &8 6O -85 PPP 7 3t & v, ef&ilZidonAg 71 » KA PPP
J52 (PPP-ODA) 78 2012 #4112 NEDA IZ X » TRAR SN, O CIXHEmOFHE, Bibj AL
DEERR, BRI YNT 4 T — B AOEEHE L EEIT, BUHZ X > THEkD ODA O~
a2 AN Thb, 8%, TXTOEEIIRFER 2179 RBEEFZIGEE SIS, B4l
IR & LT, AL, AIHAOEROFE, FTERB L OIEY 27 251 &% 5, BUIZ X -
THEMESNARVIEY O, 37205 CW, E&M 2 2T L, 0&M DE&iHE, H% EADEEIL
REHEEFICH D, JCAIZLVELIRAES NS ODA O#ilEIL, BmOFEE, 2 Mo sl
BERa oY Tr g o 7= X THLH, ZOHEFIL, BUFICHLTho b lnarty g 5
HEIR LI ALE I E 2 B D,

1.3 FAEOCEW
FEO BN, LLFO@EY TH D,

o T —%., Lo uY=s FaHilis LN JICABEEDT-OOT vy s NaHliFEED
Hfif

o [EROMERGHE & B OB A MR T D T2 DOTEFROL B a—

o BRI DAFLEIOLSBDA v X —T = — ADIBERME L '=Z ) T

o HMFEHIOEFRIZEIT D, AP (ODA) & KRGO/ REFH OB b

o FEBRDIEH

14 FRESREEONE
ZOWEFRITIEL, L TORERERIEEND,

o WETWSCEEHES
o ERAFHE] SO

o LM

o PERAGL

o BREEHANUE
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e FAFEOFTETH
2.1 LRT1FAEER OBEENSE

211 HA

1998 £FiZ MMUTIS (v =7 I HERRGAR T2 BdcERHE) 123V T, LRTL 550> Baclaran BR2~5
Niyog BRE COIEHIMERE SN TLCKE, 207 m vz MIOWTEEL L DO FS & L E o —03FEi S i
Tro T2 TIRBESNIEMITRTHH~DK) 11.8km DS  FUROEEHRIT 18km) T, #HERAS 10 »AF
BRIND, ZO7RYxr MIEY, ~=T7ORKMY A7 MIYER L, E4#E (NCR) 25 Pasay,
Paranaque, Las Pinas 73 & OFg 5 1H, $:Cid Cavite 2N Bacoor i Niyog & TH—E AN T& < Z &
2725, 207 Y=y MNIEE 20 FERPELLEOE S CHEERME T LD U 7Tk L, #
VRN — AR 5, T OMEHIE, 1998 FORFR TH ML L AR IN TR, £
DFEHITRE T,

ZoOTuY =l MIOWT LB a— L723TRE, FRICZET TV D, il ThI e KB 2 2 7 ¢
1L, 2006 FEICEMESNTHVE, L, 2< DL E2—MMThIL T\ 5, Tl 2012 49112,
IFC (International Finance Corporation) (2L - CElisN7zbOnH 5,

A UCA AH 7 1 Tk, L Ea—OFFHIE, BEFOSTRE 7 — 212 L > THII R BB TRIHEE %
119 2 LICDTND, TNHOTE TR, 2012 £4F 6 A L OT AIZ SN S A7 AZEHRAH A~
DALY Ea—litiE b LT, L a— SITES U AT B Ve 7 b TR LIZHRA v M
TP RO RO & FRREROZ U TH 2,

ZOETIE, BEFED LRTL BHUCEIT A 55O LRTA 5 —4% (01247 AET) OOEd LIz,
30 FE1% £ TP LRTL B0, EEFRIOHE SR A RS,

F7-. ZOFETIE, LRT1 SO A HA~DIE 70y =7 ML D, FHETHIO L E 2—(2D
BEEEZHT TS, 72720, BEIZSE, LRT2 BOAE T 4 fR LT —2 2B L7, LRT2 5
FBROBUE « FEERIH#EIZOWTIL, Draft Final Report D% 2 %5 2 22 GRS TV A,

212 BEFEARZTADLE2—

LRTL SO G A~ IS DO A 27 11X, 2012 422 H 27 B, DOTC (HigiHiE4)
& LRTA (LRT &fh) ic L » CEli S hizb o ThH%, Zd 245 1%, “LRT1 South Extension Project,
Updating of the Feasibility Study / Project Implementation Program™® [ 5 S\TuNvg, L E 22— 1 Bepis
1% 2008 4, DBP/IFC & Z DL v Mk o CEE S, RFEICER LS ShTns®

Z IR EETNE, Halcrow 50 “Manila LRT Line 1 Extension Feasibility Study” @ Draft Report
(2006 4 8 A) “ORERLEEL T D, Fi2, LRTL BRMOMEM T 0V x 7 MW T TORE
A 25 ¢, 1998 4 SNC-Lavalin IC Lk » CTEESNZHDOTH LN, ZOfRE L~ 7 1 L~YULT
IFEE L, NEIDR U TREDOT — X2 X VIEIENMZ BTz, ANEEAHSRFEROZ b LD
AR L, TN TUIREDFPHN TH o7,
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2.1.3 BFED LRT1 BROFIREELE L . BEFERZ T 4 OEETHIRE RO Kk

~ =7 EHELES Monument & %%Bmmm&#ngﬁ%ﬁi 1984 4 12 AIZBR¥E L7, 1985
L LFEMOFIMAEEIL 6,970 T A TH -7, FTFEITEFITHIML TE, 90 41213 115 2780 1A
94 421X 118 4,580 I ANICE THIM L7z, 854-~94 4T, H I 85%IML T5, LovL, W<
Db OHEANI 72K 6 94 % ©— 7 (TR HE UL Liae 5, 2004 4 £ CRIHE 138 LT,
2004 41213 9680 7 N\ F TH HIAATZ (2003 4 12 AIZiEE % 20%fE L L= 2 & T Iz b L),
10 £ERTICEE~K) 40% DI Th 5,

LU, FIHEEORAE L 2005 FFICBEE L, ZLBERITEFUTHIM L TE W5, 2010 4FiC
AL T A~DIE# 3 T2, Balintawak & Roosevelt BR2NHT 7 - R STV D, 236 OFHBRZ G 7=,
2011 4EJE D LRT1 SH-ABROM HE AT 1 {5 5690 /5 A Z 5k L7, 2001 ~ 2011 40> 10 £E[H ClI4F
%) 3.62%DEETh b, L ® LRTL S#EOFMAEHORRE A4, B 2.1-1 127, —HFE 1 & 4500
TN E TOE > TR B E S ERE TLE~UEL T HICE TELIAATRROER L, #HiE (LRV)
DEIEREDIRS THhoTz, FiioRHEmOBM, AN - BFOME., Mx T, BEEOEMEIIRMEEL
EWVS RO OIZ, LRTL ST 2009 4% TIAE 1485 THL ICE CHHERAFHLETZ &
DCETe, BUE, BRIFHEL TETWER, BWFIHERZMERF L T\ 5, LRTL SR, £72X
0 %< DREHHLETE DRI R Q0D L Bbid, TOBITL, LFTBMETH DL EEZHD,

o VATVT 4 vV IRREOIK
o HEDT /I EUT 4L T 420200 Y g v OoR (HIC AHENS B
HSA~ORETIL/2)

Line-1 Annual Pax (million)
160 155.0156.9

145.8

143.2
140 134.4
127.9129.3

120

109907 wo7.3

100 A

80

60 A

40 -

20 A

/14 LRTA Data & Sudy Team Analysis

X 21-1 LRT15H8 FIFFOHER 1984-2011
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ITEORAET—4% 0124FE7 HET) 2 Li—& Z A, 05 FELIBEDRERN )72 0 5 < 7o T
W5, i 6 ERICOWTOHBIRIAE R ZK 2.1-2 (277, EOHELE->TH, 2012 FEOFHEE
Dby, 2012 457 A FIFHEEDS 1480 75 AT F CTRIE L 7=, B 7 A2k~ 100 5 ALLEFIH
FVEINL TS, ZHUIEFICEELMETH Y, LRTL BROFTFEFRIZ KBS TND, L
ML, BEFEAX T 4 TITo T AEEFINIILT L HZ 9 TIERW, $xRBRREZ N0, B
ELTETFSLLE

o T—HDORYM L EMHIPERICEEL KIE Lz —R, #lZiE, SNC-Lavalin |2 X 5 i#1D
WFFEIE, MMUTIS 7' ¥ = 7 M DOERIZE Sz, ED7-8%, LRTL SHAEfIZBIT 2 A %
T AR AIRE R, B2 2SR T — X _X—ANH Y | FEERCEETRNCHAE Sz, %
LRT1 S ORI HERIL, 1154000 T EEHEEF Sz, Lo, RESANET D Z L2 IE
L7emWERZIEL CLE -7, DFE D FEHRARRERIZEWR2 T E 725 T2DTH D,

o REF4DAa—TF, BHRCBREOHRIC L VERICEELZRIF L2 —X, FEE LT
BHECREINS D DIEETH Y | TN 72 TRIELT O BT, BEEOEWT —& & 2
L7z AF 0, IR EECTHR) B0 E72 5, ZORIZEWT, 2006 428 T L7- Halcow
DAZT 4 1%, PR FIAE T LR HZ DWW TRE RS2 Lz & b b,

o FTDAZT 4 THOLILTWD b Ly RPN, FIHE OFE RN CIMEHEEO)E
INARVVEERZ 725 LTS, (- T, ZIHDAXT 2B D AHEEHZ B W T, it
OBFEERE 7 0 AT = v VT HMERD D (RTF~v—F 7)) , ETFETROEHEMLE L
FAPEEAED DD D 2T, EESNTHATO LEDH D,

LRT Line-1 Monthly Patronage (2006 - July 2012)
18.0

—&— 2006 ——2007 —0—2008 =0=2009 —a—2010 ——2011 =) 2012

Millions

16.0

Monthly Passenger
N
o

10.0 1

8.0

6.0 4 + + + + + + + + +
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

/114 L RTA Data & Sudy Team Analysis
X21-2 2006 %E~20124 (7 AE£T) ®, LRT1 5#RAFIAELEOHRE
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# 211\, HPAEAS T A0 HRMEOBE PRRER R, FIAO= A M, BET
HOERMECET 2 b D TH D,
211 BEFERZT4ICBT 5, FHPEIFIAEL (000) OFH
Source Study Description & (Comments) 2005 2010 2015 2020 2025 2030 2035
SNC-Lavalin — #JHEH
GBI LT DITIERES Sy DA,
BF OB OWNTOTRNLHRE 550 N 638 - 722 - -
5 SR TR
SNC-Lavalin — &R
(S DZF A B LT, FIEE 330 - 445 - 469 - -
% 60%IMEIE)
Halcrow Fil, SNC-Lavalin OF8E
SHO Uk Lo, 20064552 T, - Rl Bl I M -
Halcrow ~<X— 2 &7— 2,
\ (2005 4EDFEE~— A CEH) e 436 667 738 - 794 -
Halcrow Demand Forecast - -
T LEREN 435 640 707 - 760
AT TA~ODIENR73 72 < ALTF R D 22
S L7555 ORI TR - - 567 657 762 883 | 1,024
AL T~ L 7= 356 0F A
;,é - - - 820 953 | 1,104 | 1281 | 1481
A~ DRI X > THEINY %
FIHZE RO TR (LFE2 7r—A0 - - 253 296 342 398 457
7)
AT H~DE 2 E D=, LRTL %
UCA | R (LRTA £9) il Il I e e
FAALRT TR~ DI 2 & D72, LRT
2012
A TR 650.7 | 831.2 | 899.9 | 950.3 | 990.7

a. For Sources Refer tothereferencelist given at the end of this Chapter, Section 2.5.

b. Refernce-5, Sudy conducted in 1998, with 2000 as base year. Growth factors of 3% p.a. from 2005-15, and 2.5% form
2015-25 were used. For other years, forecast were by made interpolation or by extrapolation, but capped at 750,000
Pax/day for Line-1 Extenson Only; Excluding the Existing Line patronage.

c. Reference-4, Halcrow study was conducted in 2006. 2005 data isjust for the existing LRT Line-1. Forecast years data
isfor the Total Line-1.

d. References 1, 2 and 3 are based on the same demand forecast.

€. JICA Sudy Team June 2012 Interim daily patronage forecast for Line-1 with South Extension.

R 21-1I2IE, JICA AZ T 4 F— A LD OFETROME L EENTWD, ZORRIT, T

FEOMM EBFAZ T 112817 HHEE

REREEZ L LIZL TN D, JCA AXT 4 F— 1
LUFRET 2,

TR, ATHEOFPARZ OMOTEEIZ i61¢74?~A@§®

(2 X DRIHE OFEFEFRTE L FOFERIZTOWT,



22 WETFHUOFE

221 1IL®HIZ

AR L7238 . LRTL BRORBHAIE/ 7 1Y =7 MZOWT, £ DFS £ L Ea2—2MThbhv T
Do TNENDAZT 4 IZBT HFIHEOFTE T, uw1%ﬁ@@wﬁ%%%##5$_owf
SN2 TT U L IHESNTTOIL TR Y . ZOBORSRZ TN, Bl EREEZ B LIl
W5, LU, Halcrow 23T -7, LRT1 SHRF S IIEMR 7 1 2 = 7 MIBE$ 5 FRI% 1%, 2011 45 (Dr.
Santos BR~D#E/MAIEN) | 2012 45 (Niyog BRE TOSE47/2iEH) 721F T/ < 2015 4, 2020 45, 2030
FIZOWNWTTRTCET ML DT 7o —FZH-> T 5D,

BTV VIR DB FREOHEEITH LT, BRI OFNDRER SN WD, RAZT 4T
L. INVART—nAOFT U 7 13E Leh o7, BURO LRTL BRROFIHT — & i LR HEEL
HEERERZFIH LT, Mg 2 A LD . TRIFERZBEEL . LEICS U CREREMIET S
LD L LTz, BHFAZ T 4 TET /ML LICHER % iInFEORHE T — 20k T — 2 # W EIE -
EHLi=biFTth b,

LRTL 5% - 2 SOmEITHEA S b, FIRAE EIATRITFEDT U T4 &K 22-1 IR,
FHEIZOWTIZOEICE W T b RIS STV 5, ﬁ%ﬁ@ﬁ@:%iﬂ%ﬁﬁ WA%M
JrikamlE. PIIBSE CIX JICA A X T 4 F—L0¥Wr &, BERRBRIEK > T\ D, kil
%@xLﬁ§®7~&(mu$6H&U7ﬂ)_ubﬁfﬁﬁﬂﬁbnto
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Patronage and Revenue Forecasts for Lines 1 & 2 Extension Projects

Traffic & O/D Surveys/ System Capacity

| Demand Forecast Process | Existing Data

Traffic Surveys
Conduct Traffic / Passenger Counts and O/D|
Suneys in Lines 1 & 2 Terminals, and
Interchange Stations

Preliminary Forecast

Based on Halcrow and Other Recent Studies
Forecasts

lterative |Process

Traffic Survey Results
Adjust for LRT Corridor Demand Share and
Impact of Changes in Terminal Demand
Since Previous Estimates

Update / Adjust
Using Recent Planning Data Adjust Forecasts for
Opening Year (2015), and Subsequent Years to
2045

Planning Data

2010 Census and Other Related Land Use
& Development Data

Adjusted Forecast
Revised Forecast After Accounting for
Differences in Halcrow Forecast & Census
Population & Other Developments in the
Alignment Corridor

LRTA Data

LRTA Data of Ridership by Time, by
Direction, for Recent Years
(Trends in Ramp-up & Growth)

Line Capacity Adjustment Station Loading - Line Extensions Line Loading - Existing Lines
Prepare Line Loading Using LRTA Existing
Data & Estimate of Average Trip Length,

Peak Factors & PPHPD

Adjust for Capacity Restraint (Old Stations/
Transfers) or Systems/ Rolling Stock

Estimate Station Boarding & Alighting by
Direction, Daily & Peak

Line Loading - Line Extensions LRTA Financial Data
Estimate Line Loadings for Extended Lines from

Peak Demand PPHPD

Fare Levels & Non-Fare Box Revenue

Patronage & Revenue for Extensions

Estimated Annual Boarding & Fare Box Revenue

Patronage & Revenue for Extensions

Additional Revenue from Non-Fare Box Sources

2 JICA Sudy Team
B122-1 FIRE - WATRFEDOT U F 742 BERX)

222 LRT1E# - 2 BOBETHIFE

LRTL SR OO TRFERIL, 2.3 FFE IS TREk ST, T}Téﬁﬁ L 7= F¥£13, Halcrow

OFFEFRE 2 FIZ LT, Halcrow OFEETHIZ, 2005 4735 2011 4273 TO LRTL B0 3%
BEOFIFHE S & Heik L, Halcrow O E LTz _— 22 F U O THI% . 2011 4FF TOEROF|FHE

DB 2 S EZEH LT-, FBEOHEEICBW L, BRCALEIT B~ S 7= 5.7km (Balintawak &
Roosevelt @ 2 R) & L7z, Halerow OFFETRIIL, LRT1 5H2D Z OF OIEMITE T /MAZERY
ATV, MRT3 SHEOTE 5 (Monument BR) ~DIEMITE Y AN BTN D, ZDIZD
WTIE, A7a v MBI ATFEETHTEAUGET ABRIZEE LT,

LRT2 SHROFHAE TFHNZSOWTHEEET, TN AX T 4 2L Ea— L, JHIOFER T
ST A7 SITFH L721ED, SRR BEm TN B L-, £ OB, 2 SoRfIHEICET 5
—X1X, LRTAIZEDEHDOEDIZHH LT D,

ARAZT 4 F—2F, B 2010 ) OB Y AT —2 % AFTE7T2, LRTL 5ft « 2 SHAHRO
AN AHIHEEUZ DV, i\l (2007 4F) O THIE & FEROMEZ R L= & 2 A, AT OWTHIEE
—H L QWO T TO R - T, AT, RERADHEEEIZ DWW TS, Bl O THIE & g L
7= & Z A ITHEOMHAIRC 2010 4 Base case DFEE L FIFE—H L TV T BEEEAZ WD Z & & LT,



LRTA OF —ZPEFICEE T, LRHZE 1AZE 1AZE, 1L ORIRES AR L T
Wb, ZOT—HEaT 5 LT, IO TFRNCHW Y —2 K, 1 B, FROF HEHEEHEZ
92 Z LN TETZ, ZAUTINATHYI - HraplosEABEZFFTUL, A |TiRd528 %
T& %, B, ETHESCHN O 2k E T % L TEZE7: PPHPD (Passengers Per Hour Per Direction :
Jrmnll, RS 720 REH) ICbHE IR D,

AF I Am T EOFE - BEAB LV EHINZA, BREALO 0D £h, AFeEEICHWZIE
D, ZSEITEN S — L OHEEICRI STz, ZOT —H N2> T2 LIRID A X T 4 Tk, —EDRE
R THEE S22G5> bDTh D, BUEOTRETINL, HRo7—2%2RIc LTk, &
D IEMEZR YR Y v 7R, (BHETE 2EEINAZRD D Z L3 TE %, Halcow O THILTZ I R Y
TEEFz v Lzl ZA, LRTA @ 2005~2010 4EDT — & L —3 LIS RV R Sz, BUEDTE
FIL, BRI OD % Basecase Z#Hh &I LTV 5,

FEREIC, LRT1 B4R O 2 BHROFED b L2 RTF—2 08, WEHROBFE L TV X ORHE O
HEEHT W DI, BRI, IEERSBH3ET 5 £ TOMIR & . B3 U B0E% A 55 LI EE P
L., ZOT—HEBRHFHTHHT=,

223 REEFEL LRTHHEZEA V¥ o —R&

LRTL 53 « 2 SRIAIROEZ/RRA o TR T, x@%ﬁﬁ&ﬁﬁ%ikﬁ%ﬁ\ooﬁﬁﬁﬁ
b, T—F T EAT o7z, HEOERITKIETERN SN TS, 9 BBV CGEIA LR ST
WD, HRHAEGRAIL, EMED 2 SRR D/ S —Y R /70)@4:5175:?%5 ZHDOHDOT
HY O R—IZBT 5 LRT OGHEBEZEET L LTV AR TH L, ZOT — X Z i COFE
FPROME & i35 Z & C, LRT 25 A4 & FAZSEOBUED kU v 7B ORI 2%
ZLNA[BEL 72 D,

LRT FIHEZEDOREMEE B Y v 7Rt (0D, Y v 7 Z & OFMEE2 ) Z2HLNIT 5720, LRT
FIHEA~DA X Ea—itE b I LT, 2O OFEIL LRTL 584 O 2 BHREDZH-EH DK SR
& LRT » MRT OFREERICIBNTERM L TV D, ZAUZE Y LRTL S#R& N2 SHEOMEMEE, #i-
(ZHERBRE T2 IR & 72 DTS 5, IR Z 0 5 HFIARIL A E Lz,

1) LRTHIHEEFA~DA VF E2—FE
ZOFAIX. LT OLATCITo 77!

LRT1 5#% Roosevelt BR

LRT1 7i## EDSA HR

LRT1 5% Baclaran R

MRT3 75 Taft R

LRT2 5#% Santolan BR (Volume 2 {2 CREAMIZELY EiIFTuW15) .

o > D

Baclaran BR (GEfHD A 2 — MS & 72 AER) 128UV T, 400 DREIENSELNTZ (95 200 473 FRHE
B, 200 43 EHEE) , EOMDIFR (1, 2, 4) [ZBWT, L4200 DRE ST, fFoil-W
CIINNT—2E, FORO 1 BFIAESIEC TR L TWa, il Vi@l A @tk & LT,
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i, MR OFHF LSV EZER LTS, 207 —Z ORI RITRE D OD /3% — 2 K ONERD
FEAIZ K DB DAL A HEE T D728

LRT1 5#¢. Roosevelt BRIZBITHA v Z =~

DIFED, LRT DERDIT<

IAEA TS,
AT Y TIEATHA N, T 02 2%l
ROFEHIIEL LN EEZ BNLD,

(R s,

ZHIETERN,

— AR A, TOFR22-1LICELHLTWD, =
FIH L7 R ToOEREOHFM, BRI, HERZNZNEDRIBIZH D DODIREFN TN D, K 60%
2% NZE DM~ =Z FHENTH Y | FEMHOTESIL T
ZD7=®, LRT 1 S#EOMEMIZ L > T Ol

221 LRT1 5%t Roosevelt BUICI1) 5 EAHIBIZRE S
Area of Home Zone Generation Attraction Home Zone % of
Zone Zone Home Zone

Line-1 Existing Station Areas 30,320 30,500 26,680 51%
Line-1_Extension Station Areas 0%
Line-2_ All Station Areas 770 320 580 1%
Line-3 Station Areas 4,350 4,380 3,870 7%
North of Metro Manila (NCR) 3,530 370 3,950 8%
Metro Manila 13,590 15,590 16,750 32%
Las Pinas 180 180 0%
Cavite 1,040 360 1%
Rizal & Other Areas 180 180 0%

Total Person Trips 52,560 52,560 52,560 100%

Survey by TTPI & JICA Sudy Team Analysis

ZDfho> 3 BR (Baclaran\ EDSA KO Taft B (2B WCIIREMZ T 21T o7, 2 b d 3 BRITE
AN 1km INOGATIZH Y . S5 TR 373,000 AD3FEREAZTT> TUVND, ZILH DK 20%723 Las Pinas
KO Cavite = U ?ODEET Baclaran fRICEcH < MEE 5, Lo, Taft BRCIFH 178,000 A DFefks
MTHONTEY, 95 33%., ©F V58000 A2 Las Pinas & Cavite = U 7 %34 L Cu 5, Cavite
T T EREN ETHREESIL, Baclaran BRC 19,000 A, EDSA BRA>51% 46,000 A TH 5, At D
&L 3BRICESD DK 123,000 D R U v 73, Cavite = U 7 &FEERE L TN D,

TEDK) 40~45%703 Y —7 =—ZFIH L TER~BE# L T 0, SABFEICL BV S TWS,
ZOFEEIE, Baclaran BR L W & Taft BiE EDSA BROSG25Ey, LLEXL Y . BIfED LRT « MRT FIH#E
DB, IR OFEERER~DOT 72 A MOAIZSGBEFIA L WD EE 25, £, BUmd~0
H 72258 TENC IV C LRT « MRT 23 ST A Z E BRI 7257,

3BROFIME D, Adtd OD %K 2.2-1 \Z507, FEAM~OIHIZ LY HJHIA~EITTE % LRT
T, FEDMFIHTHZ LIIRWVICEZ BID, MRT3 54 (Taft BR) OFIH#E 7Y LRTL SH~Z58 L,
EDSA THRIALZ 2175, EWHZ v HV 55, FIHZFORKERNEZ LV EE L WHDIZL, JEIC
L DRHE R R RILT B 72012id, LR EBE LT e beuy,

o JEMNZ X VR SN HEROmEY) Gt FE)

o AMBV=THICBITD, MO « hoE— N L OFHBRDILOUE
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#22-2  Baclaran, EDSA and Taft Stations BRiC 351 2 JE(EHBIRESE (G
Area of Home Zone Generation Attraction Home Zone % of
Zone Zone Home Zone

Line-1 Existing Station Areas 121,000 132,600 91,700 25%
Line-1_Extension Station Areas 16,200 - 13,000 3%
Line-2_ All Station Areas 1,700 35,000 17,300 5%
Line-3 Station Areas 21,300 74,300 30,600 8%
North of Metro Manila (NCR) - 7,200 7,100 2%
Metro Manila 89,000 118,600 141,100 38%
Las Pinas 6,000 - 3,600 1%
Cavite 117,800 - 62,700 17%
Rizal & Other Areas - 5,300 5,900 2%
Total Person Trips 373,000 373,000 373,000 100%

Qurvey by TTPI & JICA Sudy Team Analysis
2) EXZBEWE. ERMREABRELREMN VX 2—FRE

HERIZGEERA (250 CHEREASGE (7)) & 9 4 TcBWTEM L7z, X T,
1777 (38 22-3 @ Station 11) (BT OD A > ¥ B o —iiff & i Uiz, sRHAEGATL, Tk -
TEENS LRT ~EER L 9 2FE NS 5 & i 2 s 2 OS8R E S 47z, Station 1, 2,3 OF —
H NG RIEL LRT2 BHRD LR — MIBWCEER LTV 5, Z Z Tl 4~12 OFERICHOW TR 5,
FHAISANIFR 2.2-3 IRTIHEYD TH D, HEICBOCIEEMEL 11 IR L TR, & 22-4 1 r18
0 ThD, HEOHEIC L > Td, BRI LI-EfENH 5,

K223 ERRBERE, RERHE, REAM A V2—F0E  AEHEHT

Station No. Location Description

1 Marcos Highway (West of Sumulong Highway Junction) — Also O/D Surveys

2 Marcos Highway (Between F. Mariano Av. & A. Rodriguez )

3 Marcos Highway (West of Santolan LRT Station on Footbridge )

4 Rizal Avenue (Between Tyumen Rd and Francis P Yuseco Rd)

5 Taft Avenue (Between Vito Cruz and Sen. Gil Puyat Avenue)

6 Roxas Blvd (Between Airport Rd and NAIA Rd — Opposite Aseana Avenue)

7 Cavite Expressway @ Tambo Bridge

8 Quirino Avenue @ Dongalo Bridge

9 Ninoy Aquino Avenue @ Imelda Bridge

10 Evangelista St. Just west of Niog Rd Junction

11 Aguinaldo Highway (Between Niog St and Molino Blvd) — Also O/D Surveys

12 Molino Blvd — North of llang-llang
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F22-4  FAEICBIT HEEOGE LSRR 2%

No. Vehicle Type Description Vehicle Occupancy OID Surveys
1 Cyclo/ Matorcycle/ Tricycle All Occupants No
2 Private Car/ Sedan/ Open Back All Occupants Yes
3 Suv All Occupants Yes
4 Public Taxi All Occupants Yes
5 AUV - Public FX All Occupants Yes
6 Jeepney All Occupants Yes
7 Mini-Bus All Occupants Yes
8 Local Public Bus (Air Con or Other) All Occupants Yes
9 Long Distance (Provincial) Bus All Occupants Yes
10 | Delivery vehicles, 2-axle trucks, Other 2-Axle vehicles (No Occupancy & O/D)

11 | Trucks or Other Goods Vehicles with 3 or more axles (No Occupancy & O/D)

EYHFEOZGEEIL, ERORBELZAET HHICHESNTZ O TH S, 2 mH/3 fiH s OD FHA
DFBUZ AN TWRVDIE, 1FEAED N v 7N I EIFEIECH D16 ThD, TD XD eiidx
74— A —ASROR BT AR A5 O Z TXERATH LM, BROFESNHIZY 7O, fF
KRB OREEZTH ETIIRETH D, UL, HERATCBIT 2 REROGHZHET DR
. RAAIASED 2 g Ei/3 Rt OFHE I U L N T HMENRSH S, Stationd & 52T HFAEIXZ D
BTz 5 LRTL B OBHED ¥ = 7 2 W BN T 5 T2 DICFEE Sz, ZO0HTIEE 2.2-5 12 F &
HHENTND, Hir—AL b, ZEEO R IAIZGERIE-> THE Y, FNEOBIIRENTH
Do IXN= U N T BT LTI 2 A LRTIZED U » FIERRD R Y » 7D 60%LL & DT
W5 Z EMH BN oI, AHAZEOFIHAEMGBD TEV, ZOFIGIE, AL mIcRT Ao
AT L7z /b— R OSBRI A S L TORNWZ LI BT RETh 5,
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#22-5  Survey Station 04 & 051281} 2B EAE (N - ) OfER (201246 A)

Person Trips by Mode -STATION 04 STATION 05
Rizal Av. (2-Way) Taft Av. (2-Way)

Private (Incl. 2/3 Wheel) 18,400 5% 10,900 3%
Taxi & FX 900 0% 8,600 2%
Jeepney 113,600 30% 56,400 15%
Bus - 0% 64,100 17%
Sub-total Public 114,500 30% 129,100 34%
LRT (2012) 246,700 65% 243,900 64%
Public + LRT 361,200 95% 373,000 97%
Total (Private + Public) 379,600 100% 383,900 100%

Note: Station-04 LRT Daily Line Pax are between: Bluementrit - Tayuman Stations & Station-05 LRT Daily
Line Pax are between Gil Puyat - Vito Cruz Stations (Average Weekday Volume in Mar-2012)

) ) STATION 04 STATION 05
Vehicle Trips by Mode .
Rizal Av. (2-Way) Taft Av. (2-Way)
Private (Incl. 2/3 Wheel) 10,900 51% 5,800 36%
Taxi & FX 500 2% 2,900 18%
Jeepney 10,100 47% 5,100 32%
Bus - 0% 2,100 13%
Sub-total Public 10,600 49% 10,100 64%
Total (Private + Public) 21,500 100% 15,900 100%

Srvey by TTPI & JICA Sudy Team Analysis

LRT1 SH#EOIEHN T E STV D EIRIAHRED 3 7 ETcB VT, RO &21T o7, BEED
Station10, 11, 12 i%, Niyog BR (iEffit4D LRTL BAROKEMNERD) OAMNANLET DI =R 7 U —2r T
AV E LTS, Station7, 8, 9 b E7=, FEHMNGMHIND 3 SDOMFLERKEZEE S>>, JIlC X
HAZ V=2 T4 EE LTS, 2 TOFRESFTOFMIT Survey Report IZ~d, 2405 OEHLIE
BT D@L, 2012 AFEE DT —Z D3RI RHETH B,

FRAZBEOTRNL R Ly RIETITo 7208, ST OEY TH D,

o XA : 2016 4F (LRT1 SHRAMEM S CRAZET D IR0 D4E)
o IHEORER 3% (FHMOAGREDOEINTIZN LY @A, EEORENRRIET
DT, 3%z T D)

ZIUT K 5T, LRT OIEMN5E T L7z 2016 21T 5, @pfhEis & LRT BN EET 2 XWD5e
BRMAE THIL7Z, Loy, LRTAHZFOFED 10%IIFEHAIC L2 D EEL TV 5,

ﬁ%@LEﬁlﬁT“@%@%% LB SHAMERD D, KB TR, LRTL 5K
2 SO, BHEOFEHRE FLICHRTE Lz, Station07~12 (23T, LRT ~DifsiasRiL, FLH)
muf))fb 5%, Taxi KONFX Z 7 =5 10~15%, ¥V —F =—KOVSAMNE 25~30% CTh b & L1,
ZOEEX, AEGITORMEE Z Z 2 ETT ST RIRZHEEEZRX—AIHTELZHLDTH D,
Station6 | ::i‘o‘u\f . ZOOHEHR B O — T = — R UUS AN 45~55% & & 2 7=, EHNENICRBWL X
LRT O I ) Th 0 . RN L VBRSNS Z & T, FIFHENEIZZL 52 bE x5
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No, ZOMGENSGFHE L- LRT 204H31%, LRT1 80K Cd 5 Station04 & 05, Marcos Highway
IRV Station03 THUS L7253 &l TH R EN 720,

LRT1 SHROIEMIZEI T 5 A8 BFE ENT- DV TE, ORIV THERIC L LTV 5, E 72, Baclaran
BRI Ky OV DAEERIZ I8N T, W4T % Roxas Boulevard DIEKAS & & DO HER%1T-> T\ 5, LRT1
BRI R X OZGATE R Z L L= b D& 226 IZF DT 5, ZOXBIZEIT 5 2016
FEEOFIAZ THNIZ 472 b DO TH Y | LRTL BRROIEMA T, BHROFEILREZIE, VA 1
H 4720 OFFEH 222,000 AHEINT D &0 BEIZHESN TN D,

#22-6 3ODOREENCRITS 2016 FOER (A - B) OTH

Person Trips by Mode STN. 10-12 STN. 07-09 STN. 06
(2-way) North of Niyog Across River Roxas Blvd.

(|nc|.P2r;\3/a\:\3hee|) 121,700 21% | 221500 34% 94,800 19%

Taxi & FX 14,500 3% 54,000 8% 41,500 9%

Jeepney 83,700 20% 95,000 14% 37,700 8%

Bus 133,700 30% | 172,200 26% 90,900 19%

Sub-total Public 236,900 53% | 321,200 49% | 170,100 35%

LRT (26-Jun-12) 89,400 20% | 118,200 18% | 222,600 46%

Public + LRT 326,300 73% | 439,400 66% | 392,700 81%

Total (Priv.+Pub)) 448,000 100% | 660,900 100% | 487,500 100%

Note: The LRT Line-1 Extension 2016 demand for Stations 10-12 is forecast between Niyog and Talaba
Station; For Stations 7-9 is compared with LRT demand between Ninoy Aquino and Asia World Stations,
whereas at the Station 06 demand is between Redemptorist and Baclaran Station

Vehicle Trips by Mode STN. 10-12 STN. 07-09 STN. 06
(2-Way) North of Niyog Across River Roxas Bulvd.

(|nC|.P2r/i;’>/a\‘:\3hee|) 64,240 81% 104,800 78% 41,990 71%

Taxi & FX 3,110 4% 13,160 10% 10,490 18%
Jeepney 8,310 10% 12,350 9% 3,900 7%
Bus 3,670 5% 3,280 2% 2,790 5%
Sub-total Public 15,090 19% 28,790 22% 17,180 29%

Total (Priv+Pub) 79,330 100% 133,590 100% 59,170 100%

Survey by TTPI & JICA Sudy Team Analysis

224 30 % F TOFIAE ROBHEIADOTFHI

LRT1 S#OEG A Niyog BRE T (10 BR) DL L | LRT2 SHEOH I - Masinag BRE T (2 B
DIERIZHRTT D, B —2 K], R, FEORABERO TREIT>72, 2 2 TOFMAER LI
Biisg = & O mpIREER A EWT S (LRTL SO 2 SHroFIHE TRIOZEMIE. Volumel X
W2 OfHE C 25MR) , 2T L - CLIBROA XI5 PPHPD (Passengers Per Hour Per Direction :
FHnl, 1R 72 0 REED AL LN TE D, B — 7 REOfEE, HATHMRECH OIS &2 R E
THBEDEE R T 7 7 B —L D,
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EEHIANTBEDOAZ T ¢ TlE, HEEFIEE 2 0E L CllEZ BH LTz, A% OFEIC
XoT, FIHEEEBEEAT NS, EHNAZ LY EMC EIHYEERYVEGEZEE L HETS
ZEMAREL Tp o T,

RN ADHEEIL, LRTA @ 1 H R OMERIOFIHE L DT — & AT DN T T D, BEED A
ZT A 1ZFTIE 300~330 D#IPH T, F7e 2R (annualisation factor) 2 FHVNCTU Nz, el
2011 FEDRNHE T — 2 DT L0 . LV EHEO TE HEBRBAREOFE A TE . X0 @2 kin
ANEFET D ENATREL 7o o7,

225 fHBALFEORR R EIZONT

JCA A BT 4 F—LiF, ZOFEIW DDA H H Z & IR L T\ D, BIZIEX, 7V A —
w®xﬁﬁg%7)/7iﬁg%ﬂ@twmﬂﬁbfw&woL#LLﬁLtED\:M%@%?w
ZRIRAL T, 2 OIEERMTOIL, 8T, RERRENTWD, KAZT 12BN, BEDAH
T A AER A2 AR IR RIH LTl Y | @MU CEEO TE 2HMMHE TAE1T 5 LT, FEROAT
FRAMRVIRULATS 2 8Tl T L OB TIERWE B X T,

MMA T, FNVAT—VDOFEET Y 7 24T I LT — F DI AR E LT\ D, 90 FFR% T
Fhi A7 MMUTIS OFEEE U727 — X _X— R TS T D5 L ORNE L 725, MMUTIS OF —H ~X—
AEIIZ LoD, BHOETIAEREFIHAT S LD ORRA N TH D, ABFZEIZEVTIE 2010
FRO201LFED DR, 2012 4 ICA F— LD FEM LIt/ &, FafD7 —% ZHWT, T /LD
PR A KR LT D,

NR—R2 =2 L U CHIBIO PSR EZFIHAT D Z 2L, Hiic Pl 2 56 L, Tl
ROFHANEEIC I VIEINEBAD Z LM TE Tz, B2 LRTL S8 (Roosevelt BR) Jim~D4E
EEIZONWT, WEO THIFER & EROFHE S A g 25 2 &, FIHE &I O T3 % 5
T5 RoFe—FU7 PRI AREIO LRTL 5#f 2 BRMEH 7 vy =7 MBI L TE L=
FPROEEEM: L EHMEZ LV EEEOE WS DI LI EE X B,

23 FTETH

231 HEE (FH8EA)

KRAZT ¢ F—LOYE LT A OFFE PR RZ . &) 2.3-1 LUK 2.3-1 12777, Halcrow @
NR=2r—27 FRNX, RAZT 4 TF—LOHDITHA, DR DIRVEIE L 72> T Z L A3
%, ZaUZ, Halcrow OFEETFHIET VT, b & D & 2000 4~2004 4 F TOFIHE S EHET HE
TNEIZLTNDTHTH D, Mk, LRTL SHOFIHELIL, HlORERBIT LV FHIRRSH Y |
7= 80 FAATRELUKRRIRD L~LTh o7, FD7=%, Halcrow DT 7-EEFHIIZHBVT, LRTL
@i@¢%ﬁéﬂiw\OZMOE@LH$Wﬂ%%ﬁ%%@?5& Halcrow DZEZETHI Tl
376,000 A, ZAuxt L. EEOFIHEEIT 472,400 A TH 5, ZOFEF LV | Halcrow OFEETHIIE
Lml%%@@i#k_&o TERMZBE L TB LT, 207 LRTL SfOFH %%z%uﬁ_ﬂ
[RL7=Z &35,
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F 72, Halcrow OFFETFHIEL, LRTL SAROILH G H DI HEZZBE L T\DH Z EICHIERT L&
Thbd, 72720, ZHUL, MRT3 541-0 Monument S ~DIEH & L TET /MIEENTEY, LRT1
ke MRT3 m‘% BATERITIED > T D72, 1 SHROFIHERITEITHINT 5 & ) R
2o TNDZ EITITEE L TRERLY,

RALT 4 F—LOFTETRNE, LTOTFT—Z% b LIZLTWD,

o 20154FFETO., BEFED LRTL B8 0FAE . (TRIEETe)
o FFFFAI~DIEMIC X AFIHEE O - Halcrow (2 X A FAE=HEHE 1 H&7- v 220,000 A

Z OFTFETRNL, LRTL 5H2D BRI~ DALy DA% k512 LT Y, DPC/IFC |2 X - T 2012
FEIATONTZEBE RO (253,674 A) X0 #115% /NSl E 722> T % (DBP/IFC Progress Report
January 2012, P-62 L Y 51H) . Halcrow ORI #EE TH 5 Ll L=z, KFmv =/ hC
FZH AL T5, DBPIFC 12 &% 2015 FEEOFIHFE THIORERIT AT 820,389 ATH Y |
566,715 A72>5 253,674 NHEIT 5 E W H BT/ > T2, ZHUC kD &, A% 0 4 FERT, T
LU CRIFFEED 19%LL E¥NT 2 Z L1272 50, B 23-1 b bbonsd L), BIE LRTL SHrOF|
REENIFEF T B2 72> TR Y . HARDEEOILK R EMRVIRY | ik & [\ CBCRIFEE M
THZEIFEZITLY

RALT 4 F—LOFTFEFRNZL, IR E TIFIEARRIC, Halcrow OFE NI 2HEE%
HEIZL TS, oL, FEMOBRENENL TS GEHEHEXE O%E HU BRI HEA TV D23,
FEARBNC N OB IR) 2 2B LT, ZOMICIEETOMIEAENZ 7=, Halcrow OTFHIZI
T, ER (074% | ) PRESHTVDAY, 2030 FELIEICIE LRTL SN EICET S Lk S
NDT, WRAITERT 20 & Lic, SRR LA EEMHAEROREER R Z, &K 231 120D
TV,

DBP/IFC OF%7E L7-, 2015 FELIFEORER B%/4F) 1Bk Th D, Ziud, Halcrow O
e, #915% bRFAEREZE S B > TWA Z b bR END, KAXT 4 F—ALIZk D FH
SEHOFAETRIORE L, HTRTFHTH D, SEIOTRNL, LRTL SHOFHAZ BT 5 58D
BMEX—AL LT, B4 LT EOREREZHET DLV, AN RIER OREEZIT> TV
5, IWFEOPRET — 4% % ARlIOTFR & igd 5 2 L ¢, midfFE#EETIm ELTnwa o L Bbins,
BA72 R RE DFEE RN OWT, K23-1 LOFE23-1ICEEHTWD, Znbid, VAT A0
FMRRE, WADREE, 7ry=r NORREHER OMBHMEEICHWONL DO TH S,
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LRT Line-1 Past Trends and Interim JICA Daily Patronage Forecast
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/14 JICA Sudy Team
231  JICA RFT 4 F—LZFDMIZ X 58 B EHF| AEE O FHRKER
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231

JICA A& T 4 F—AZFDMIZ & 218 B R FIEE O TSR

LRTA JICA JICA With
Year Comments & Assumptions Without South
Data . .
Extension | Extension
2001 333,200
2002 324,300
2003 325,000 Limited
2004 293,500 | Growthin
2005 | LRTA DATA Converted to Average Weekday Patronage 317,500 | the Existing Partial
2006 Using a Factor of 330 Days per Year (Annual Factor 337,600 | Section of St
2007 Estimated from the Daily Ridership Data of 2011) 361,000 | Line Dueto |, /o i
2008 EREE|Increaseiny] -, cion
Capacity .
2009 452,900 Opening by
2010 472,400 2016
2011 475,500
2012 JICA Projection Using Average of Last 10 Year (2001-2011) 492,700 492,700
2013 Growth of 3.62% p.a. for 2012; and then a Conservative 507,500
2014 Estimate of 3.0% Declining to 2.0%pa by 2014. 517,700
2015 525,500 650,700
Add Halcrow 'Base Case' Growth in Line-1 Demand Due to Full|
Opening of Extension by 2016 (220,000 Pax). Also Limited
2016 Growth on the Existing Section Due to Decline in Demand at 528,600 750,600
Baclaran, which will Shift to the New Stations of the Extension
Used Halcrow '‘Base Case' Av. Growth Rate of (3.04%) of 3
2020 Years After Opening, and Adjusted for Now Full Opening in 561,100 831,200
2016, and Applied (2.6%) for the Next 4 Years: 2016 to 2020.
Used Halcrow 'Base Case' Av. Growth Rate (2.04%) of Next 5
2025 Years, and Adjusted & Applied (1.6%) for the Next 5 Years: 586,800 899,900
2020 to 2025.
Used Halcrow '‘Base Case' Av. Growth Rate of (0.74%) of the
2030 Next 5 Years, and Adjusted & Applied (1.1%) for the Next 5 604,600 950,300
Years: 2025 to 2030.
Adjusted Halcrow Constant Growth Rate of (0.74%) of the Next
2035 |5 Years, and Estimated & Applied (0.84%) for the Next 5 Years: 618,300 990,700
2030 to 2035.
Adjusted Halcrow Constant Growth Rate of (0.74%) for
2040 Following Years, and Estimated & Applied (0.56%), A Modest 627,600 1,019,000
& Declining Growth Rate for the Next 5 Years: 2035 to 2040.
Adjusted Halcrow Constant Growth Rate of (0.74%), and
2045 |Applied (0.40%), A Modest Growth Rate for the 5 Next 5 Years, 633,500 1,039,800

as Demand Approaches Capacity - 2040 to 2045.

2-16
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232 FIAELOTH EEHERE ©—2775%) -
1) #ERE (Annualisation Factor)

FRFIHE AT T D720, LRTL SN2 5#o>, 201140 1 A &Hic ) OFIHERT — 2 %
GINT LT, ZORER, R LMK (1H) T, FEICHR Y OERRA LA, 2011 FI2BT 5, LRT
158340 1 HEAL CTORELAEK 2.3-2, FI-EAICLDIELOXITONTRI 232 IZEEHTN S,
R B OFFEAFEET 256, 1 BEOFTFEL, FRIOFTFER OUAIHE T DR800 0 E
72%, LRTL SHROT —X2 Z bt LIofES, Z OFHRMAHEIT 329.6 (F721% 330) &72o7-, LRT2
FHRUCOWNWTIEL 3312 (F721%330) & LTW2,

NADMENT 21T ERRFNEHE L, HESPHEE SICBWTRIE N o 703 835, & 5bh
TW5b, ZIUTL - T, FFHERSICEAL RIFTAREN LB 2 bd, L, THIOMS, &
OFEEOMRGHI 2 E T 572, LRTL 5f « 2 BHROMFE TN T, AREIE 330 #8HT 28D & L
7eo B7pdZ, Halerow OFFETHITIIFHELREZ 330, DBP/IFC 1% 320, SNC-Lavalin /%330 &>
MEZZENEIULE> TN D,

7232 LRT1BROFAELET—F (0114) ZHW-FHREREOREE

Day of Week No of Days Total Boarding Average Boarding
Monday 52 24,699,546 474,991
Tuesday 52 23,962,029 460,808
Wednesday 52 25,312,202 486,773
Thursday 52 24,114,267 463,736
Friday 52 25,688,324 494,006
Saturday 53 19,331,506 364,745
Sunday 52 13,819,595 265,761
Total 2011 365 156,927,469 429,938
Week-days (Mon~Fri) 260 123,776,368 476,063
Annual Factor = Total Annual Boarding/ Average Weekday Boarding
=156,927,469/476,063 = 329.64 =330.

/114 | RTA Data, Egtimate by JICA Sudy Team

% of Average Daily Pax - Line-1 (2011)

% of Annual Pax

Daily Av. Av. Wk- Av. Wk-
Day End

/114 JICA Sudy Team

X232 LRT1BHOFMMBES (20114F) OERICLAIEHHX
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2) EB—JREK

B — 7 RO AGATE R, TR HEN OB 2 BET ABRICHVWb NG, B — V7 RROFREEZZIT
EDENbHEIF ﬁ?é EVNVBLEING Th D, BETCDYVAT LD —7FEOFEE LD H DT
FHRHRHC L > TEBTHHDOTH D, HFEOE— &i&ﬁi@%\%&#&én%ﬁwo&ﬁ®
FTEL, WL Bk 2720 Th D, FEOE—271F (RAULXETYH) HRck->TERRD,
R AT LDOXBNZ L > TR D Z b b5, BT, B - PR EFEFET Y 7T OMERRE VST
xR BEHRIC K > THBEZT D,

LRT FIHFE OS5I « FEEIZOWTIE, 201243 A (AFETE i) OB OT—4 %
AT WS, 20124E3 A, 1 HICBIT AL D b Y » 7D R E2 % 2.3-3 12757, 07:00 7> 08:00
DOFE T TANZBWNCASEFEEN K bE B Y » 7D 9.9%) Ftl T 17:00 735 18:00 DAL 9.5%
Thole, TNHOHHRT, mWVMEICRZ 22, X0 bAIZES AT 5O E— 7 RED R\ ED
MAFEFRAEL TH Y, B3%Im<AHbH 5,

g B — 7 BEOFEET, 07:00 2> 08:00 (ZBW TR bEV, D7D, SHROSHHIZBW T

R OFFEE S E B — 7 R OEEICHHT2 b0 L35, 728, HEOE—7 TR0, FaN
LoTRARDO, H—DREEAWTIIR SR E W) EICHOWTHAE L TR WERH S, FD
e, B —74R5UE LRTL 52 - 2 SREOMEAIIIT 5, 2EOHH OD % 6 & IZHEE L T\ 5,
ZOFEL, BT ROFEE (FplOFREEE) L. 1 HOBHE OD ZFIH L T, B —27 KD
OD ZHETDHZENF—ThHDd, 20D, FEET IV /Y7 =T CUBE BNHAVLNZ
(Fumness 7%) , B—7 i, FFREOFTFEIZOWT, BE—Z K+ 1 HIZDOWNWTD 2250 0D £ XV H
ETIULI, ZHUT L > THZERR OD Bl — 27 L, FEEHlcBWTH, 1 HOBRE OD 765
E— 7B OD ZHET 5, LW ORI THW LS,

10.0% A
9.0% =®-Southbound
=—Northbound
8.0%
.
=]
o 7.0% -
P /\R \
S eo% /.(
Q
£ 5.0%
w
£ 4.0% //
': . (] ‘
5 3.0%
°\° . 0 ‘
2.0%
1.0%
0.0% T T T T T
© M~ [ee] (2] o — N o < wn © ~ [ee] (o)} o — N
P O B B B e B SN
(o] o — N ™ < Te} o ~ [ee] [} o -
— — - - - - — — — - N o~
Time of Day

14 JICA Sudy Team

K233 LRT1ERRICBITS, BT 0EELE) (EAYY, 201243 )
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233 HFHEFEELEY—IREE

RKAEZTF 4 F— X AHME AP OFEETRNCHONTIE, T8 2.3.1 128V Tl7=, IAHEEH I
THWONAFMFFEICE L CiE, @A ERAFERIC, FREREE R Z L ThELND, BEE
U7T-AERIRIRE LT, TREOFR 233 ITRL TS, BROEDH « B — 7RI T DT TR & |
FERAER 2 & O v — 7 RBEEH 813, AL AR— k@ Appendix-C [Zit#i ST\ 5,

# 233 LRT1 BMOFETFHFEROER (2012 £-2045 4F)

Line-1 Extension to Niyog - Forecast of Passenger and Other Attributes

Description Unit 2012 | 2015 | 2016 | 2020 | 2025 | 2030 | 2035 | 2040 2045
Average Week Day Boarding (Without Extension) Pax 492,700 | 525,500 | 528,600 | 561,100 | 586,800 | 604,600 | 618,300 | 627,600 | 633,500
Increase in Daily Patronage (Av. Week Day) Pax - 125,200 | 222,000 | 270,100 | 313,100 | 345,700 | 372,400 391,400 406,300
Total Patronage with Extension (Av. Week Day) Pax 492,700 | 650,700 | 750,600 | 831,200 | 899,900 | 950,300 | 990,700 | 1,019,000 | 1,039,800

AM Peak Hour (0700-0800) Boarding Southbound Pax/Hr 24,200 | 29,700 | 32,900 | 36,100 | 38,700 | 40,600 | 42,200 43,200 44,000

AM Peak Hour (0700-0800) Boarding Northbound Pax/Hr 13,300 | 19,700 | 24,100 | 27,200 | 29,700 | 31,700 | 33,200 34,300 35,100

Total AM Peak Hour Boarding Both Direction Pax/Hr 37,400 | 49,400 | 57,100 | 63,200 | 68,500 | 72,300 [ 75,400 77,500 79,100
AM-Peak Hour Boarings as % of Daily Boardings Ratio 7.59%| 7.59%| 7.60%| 7.61%| 7.61%| 7.61%| 7.61% 7.61% 7.61%
Maximum Station Boarding (AM-Peak Hour) Pax/Hr 7,700 9,100 9,800 | 10,600 | 11,300 | 11,800 | 12,200 12,400 12,600
Maximum Station Alighting (AM-Peak Hour) Pax/Hr 4,700 5,600 6,000 6,500 6,900 7,200 7,500 7,600 7,700
Pax/Hr/Per Direction (AM-PK Hr 0700~0800) PPHPD 19,700 | 23,800 | 26,000 | 28,400 [ 30,500 | 32,000 | 33,100 33,900 34,500
Average Week Day Trip Length km 7.65 9.64 10.72 11.00 11.22 11.37 11.48 11.56 11.62

Annual Factor Days 330 330 330 330 330 330 330 330 330

Annual Passenger Pax million| 162.59 | 214.73 | 247.70 | 274.30 | 296.97 | 313.60 | 326.93 336.27 343.13

Annual Passenger*km million*km| 1,243.7 | 2,070.0 | 2,655.3 | 3,017.3 | 3,332.0 | 3,565.6 | 3,753.2 | 3,887.3| 3,987.2

/14 JCA Sudy Team

24 Fllitim

ARETHH L T DRZBEFRETRIL, LRTA 7 =281 2FOM ), TFEOZSWmRML, TR~
DA ZE 2 —FHE BITED LRTL BAEOF ARG e E DT E H 12 LT\ D, TRETFHIONEIL,
KEDDEAFAZ T 4 IZHEADNTNWD, KRAEZT 4 F—LD, FHU LT BT =7 MIOWTORER
IZED, INOEZYREATEEL TS, ZOFEFRITMY KL L a—Sh, AEMARGE
T 570, WHEORET —H « BERBEOT — X L B Thiv T,

LRT1 SHROFE B OMEMIZ LV | BROSHTZIZ 10 » FRBINEN D (BIFE 20 #F1) . BEERIEH 12km
FECX, BREAEIEREIE 60% L FIEINT %, FHEISALTUVND 10 DBRIZKERS N T T 7 0 7 4 —)b RIZAT
HLTRY ., ZOFIEGZENERTH D, LOLRRES, BROFE SN TWETY 7 R OEDE
TRV VR RHIREBIR 23 b 5 E I S TR Y . AL 2MEIIg AUSHS 2R OB e TH A 5,

Fo, FRZ—IF L LTRESNTWS 3508 (Dr. Santoz BR, Zapote &R, Niyog BR) 1%, i
HRAIAZB AR L T DN OEENRHIAEFN TS, T2 bDF— I FUVERTIE 7 1 —
F—Z@aRHA LT, B ) 7e OlEEZEEZ O L2 E bR ST 5,

FEARIZ X > T LRTL S48 “52212” BR2ET % 2016 4EI21%. FIHEE DS 220,000 A/ B (HRKD 40%)
N9 2 & RIAFN TS, ZOEITRRE LD E LIVRWAS, FEAID HHFFR W OER I
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BMEL TRV, FERIIAMERMNS LV ELS 2D 2L, ZOKBOMET —Z b RENTNS,
INEESFE 2D L, BT D OFTEREENEIC X DRI RE VD, BUROFE T OHEE LI
4. Baclaran 57> 5 EDSA B (LRT1 5#%) | Taft BR (MRT3 5#p) OFIHEEIIHIE, 123,000 A%
B2 CWDZEICHERTDEIRETH D, 5tk 4 FTHIZITEH S D 12km %5 7= FRIOHEEHE
I, U CGEKFHE TRV, LUFO X 5 ki rbhiut, +odboigs8sch s,

o FROT /I VY T 4G
o FRTCOFTBYTEIOFENER F (ZHUuT Rk L7z 3 5D & — I F LB THIZ BB
e LRT1 SHROETOEMOEEALK & EREER HE o PuiEtm -

LRT1 SHUEH T 2 =7 FOIERT U 7 OBIRSETeE Y | FIHERIINE Lt 5 & Ak &
NTWD, Fl2A0 S, AT 5 2016 LS B O T 5 Ril L Th 5, mERFEEIT I 720D
THIR B BT, FIEBIIBRTREOAMANK XV, LRTL BN A ha~v=F /8. K7 4 —& —33E
ZA LT Cavite )N &85 92 Z & T, FIABELREEZIT 5 Z L1225, LRTL 56 & oo KB
Xy NI = BRITEIZO7MY | FI2EHICERFEI LD — A LAk, BHUIZL D HE— LR HE
VAT LOEANR E XD Z LT, LRTL S#OFAFLITEIHEINT 2 L& 2 6 b,

25 BEE

1. Project Evaluation Report— LRT Line 1 South Extension Project, - DOTC/ LRTA Comments 27-February
2012.

2. LRT1 South Extension Project, Updating of the FS / Project Implementation Program Study for DBP/IFC —
January 2012.

3. International Finance Corporation; LRT Line 1 South Extension Project, Updated Feasibility Study —
August 2011.

4. Manila LRT Line 1 Extension Feasibility Study, Draft Report, Halcrow — August 2006

5. Feasibility Study, Manila LRT Line 1 Extension, Final Report, SNC-Lavalin — 1998.

6. JICA, Preparatory Study for LRT Line-2 Extension Project, by Oriental Consultants Co. Ltd; and Others,
Final Report — October 2011.

7. Study of Manila LRT Line-2 East-West Extension Project in Philippines, for the Ministry of Economy,
Trade and Industry, by Oriental Consultants Co. Ltd; and Others, Final Report — March 2010.

8. Line-2 West & East Extension Ridership Study Final Report, by Oriental Consultants Co. Ltd; and
Transport and Traffic Planning, Inc. Final Report — 27" November 2009.
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31 HEHREHE

~=7 LRT 1 B EMX[#IE, Metro Manila Pasay city (Z# % Baclaran BR2>5Fg~HTR, Cavite H1
X Niyog BR & CORERA) 12km OB TH 5,

ZORBE, ~ =T BEBE R PTER O AR V) | IRFEOBENIHNTIRAN 2 IRBUBAFEHIX |
FERD KRB E TR FE M X AT @45,

Niyog BR2>S1d~ =F EHBE RSB IA D3 2 5BAER T ~ERE T D & &N A[REZRLE ST & 72> T D,
ek, TEMXKITZ ORBRTITA 720, ERROSIARK 2K 3.1-1 (2T,

X311 1 SHEMXEOEEERK
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ZEG ONFEEER A > FOR A 3.1-1 IR T,

#31-1 FHEREOFEERA VORI

Location

Characteristic

Baclaran Station

This station is the terminal station of existing Line-1 and is located in center of Pasay City. Commercial
facilities such as street vendors in front of the station area is concentrated and congested with shoppers,
jeepneys, and buses. (photo.1)

near Ok+600m

In the vicinity of this area has a large church and commercial facilities, it is a district within a large number of
people gather. Road width is approximately 15m. The bus terminal from the southern Manila regions near the
crossing with ROXAS BOULEVARD, and it is very crowded with people or automobile traffic. Orbit on the
part of this intersection is a sharp curve of radius 200m.

Redemptrist Station

This station is located in the coastal strip of Paranaque City, facing the ROXAS BOULEVARD and the
development area of the along coast. This station is also located at the entrance of the ASEANA BUSINESS
PARK currently in development. (photo.3)

near 1k+500m

The route on the waterway is located between the landfill of coastal and ROXAS BOULEVARD. On the route
is not particularly large obstacle and the route have a lot of straight line.

MIA Station

This station is located in the front of the UNIWIDE COASTAL MALL, facing the ROXAS BOULEVARD.
The station is also close to NINOI AQUINO INTERNATIONAL AIRPORT and that place is the intersection
of a great deal of traffic on wide road. (photo.4)

near 3k+000m

The route on the waterway is located between the landfill of coastal and ROXAS BOULEVARD. The route is
a straight line mostly and there is no big obstacle in particular.

Asia World Station

This station is located in the coastal strip of Paranaque City, facing the ROXAS BOULEVARD. This station is
also located at the entrance of the ASEANA BUSINESS PARK currently in development. (photo.5)

near 3k+800m

The route passes over the ROXAS BOULEVARD and toward the east on the PARANAQUE RIVER. The
route passes along the river and the characteristics of the route is that have a s-shaped curve that have two
consecutive curves of radius 100m in interval of approximately 900m. (photo.6)

Ninoi Aquino Station

This station is located in the downstream part of a Paranaque river, and is connected to south Ninoy Aquino
Avenue from Ninoy Aquino International Airport. The circumference of this station is an area with many traffic
and residential sections.

near 5k+000m

The route passes over the Ninoy Aquino Avenue from a Ninoy Aquino station and is extended to south. There is
sufficient space for building a LRT structure on a road and the route resembles a straight line.  The route passing
through the bottom of the road that are planned for the future near the Dr. Santos station is planned. (photo.7)

Dr. Santos Station

This station is located in the southwest part of Paranaque City and is located in the west side of the large-sized
supermarket SM CITY SUCAT which faced as C5 EXTENTION. There are plans to collocated bus terminal
as intermodal facility in front of the station.

The route will be extended to over the C5 Extension street from the Dr. Santos station. This three-lane street is a

near 7k+000m new road. This street has many straight lines and the visibility is good.
Manuyo Uno Station This station is located in the northern end of Las Pifias City and has been planned construction to over the C5
(Future) Extension street in the future. There are plans to develop a residential district on the east side of this station.
near 8k+000m The route turn west along the C5 Extension street and to reach the Las Pifias station. There are two small
waterways in the middle but it is considered there is no problem. (photo.9)
. . This station is located in the northwestern part of Las Pifias City and planed near the QURNO AVENU.
Las Pinas Station ; A oo
Housing, university or church along the road are concentrated in this area.
As it approach the coast, the route passes through the district waterways and wetlands often. Some current
near 9k+000m landfill is progressing well and the route parallel to CAVITE EXPRESSWAY (CAVITEX) at vicinity 500
meters short of the ZAPOTE station.
This station is located in the northern end of the Bacoor region in CAVITE Privince, close to the CAVITE
Zapote Station EXPRESSWAY (CAVITEX) .Although the swamp spreads out now, there is a plan to build stations, a depot,
and a intermodal facility (bus terminal) there.
The route intersects over the interchange of the CAVITE EXPRESSWAY (CAVITEX). Furthermore it passes
near 10k+000m . . L
near the small-scale seaport and toward Talaba region. There are many small-scale rivers and ponds in this area.
Talaba Station This station i_s located at the northern gnd of Bacoor region in CAVITE Privince.This area is a relay point of
(Future) the_ road_ leading to western Bacoor region from CAVITE EXPRESSWAY (CAVITEX) and there are some old
residential area.
near 11k+000m This route passes over the road leading to the Bacoor region. There is heavy traffic in the street and space is wide.
This station is located in the northern end of part of Bacoor region In CAVITE Province. The station is a
Niyog Station turning point of the road leading to a southern Bacoor region and a Dasmarifias region. Intermodal facility (bus

terminal) adjacent to the this station is planned to construct. The residential section and university along a street
are near a station. (photo.12)
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311 BROLE 22—

BAREDO L 2 —3 572012, o4 OFIEER, HuEREOTR RS OWTIIATER 25
WZ L7z, ARIOLE2—xtRER &N, UFOLEBY TH 5,

e Manila LRT Line 1 Extension Project Drawings (LAVALIN year 2001)
e LRT Line 1 North Extension Project - Package C Tender document
e Light Rail Transit Authority Tracks and Permanent Ways System.

FEROEROMIZ LRTA O PMO IZ L A EEHRIE DRI O E SIL Al x D7 7 A W >TED
ZOHFENBAT LTz, 2 TOEROL E2—TiX, LRTA AL - TIRESNEH S & 5K
ICLTEBY., LLTD 4 503504 O Lavalin i EN AT IN- R TH 5,

1) Redemptorist BRODALE

LAVALIN OFFIEffEESE T, Redemptorist 5lIZ ROXAS BOULEVARD iV |2 L7- Baclaran
Redemptorist Church BTIZFHE 41TV e, UL, LRTA 726 OFFHIZ K 0 BUE TIFLPINLED B
600m FE1HI> BOULEVARD 2000 DEVELOPMENT X Rii~&Ehd 2 LENH 5,

LYIONLE T BACLARAN BR2N 57 500m Lt <. MIABRE 13 2km BTl 0 | BREEJEREED NF >
AWML 720,

F2 B LUMIEIZIT T TIZREEE AR EGR S TEB Y YHIONE L D BRI EA TS Z b,
BROCIEA T IIZ Y B2 HivDd, BIEOBRMEA K] 3.1-7 IR,
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3.1-7  Redemptorist BROALE

2) PARANAQUE RIVER ED&##

LAVALIN O FHiEE# ¢l Asia World 577> % Ninoy Aquino BRIE ¢ PARANAQUE RIVER (2~ T
ORI Z TR T 50— k7> T 5D,

— AN N D F R TR TR DR =D BRI T N O ZRET D Z EREFE LU,
ZOHAHEZLITITRT,

o IKINZHEETIABIMI DO FEERERHITICHEE SR E VW &
o HUKKHIERMOEZE )N RE N &
o EMIOEERIFC/EEREAREI N &

ZZTE WWINOIHAIZE D 1TV — N EEES S Z & T EERORMENZ TX ARV [ElET5 2 &2
PE LV, EEKRZK3.1-8 1277,

3) Niyog BROALE

LAVALIN O s Clk, Niyog BRiZ MOLINO BOULEVARD i v il o> F #i 2 fHj ST
W23, LRTA 725 OFEHIZ L W MOLINO BOULEVARD i V) _E~BEIT 2 LERH 5,

EHFNLERIR AR 3.1-9 (TR,
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Z I Niyog BRICOFR S5 /8 & % — 2 /173 MOLINO BOULEVARD i Y O SRlIICER S5 2
LG, BRENRAS— I FITEST D HBFIHEICE o TERITH Y | ZOBRMIEET T Y L5

ZBHND,
4) Y774 hEEEHOAE

LAVALIN OFIEMXIEHETIZ, T T4 b EmEHIAROWANZ G HE STV 5 23, LRTA O
FHHUB SR ZHAUT YT 5 A S B AL AR O AN R SN D EHETh 5,
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324 EERERSy

TR ER 3.1-1 (ORI T — & RO = RO HEHOMREZ IS W T I 2 L—v 3 Z
KR,

FLUSEIRF 3 S 2 L— 3 N KD TEERE ISRy 2 N2 5 EALIZEIY BEiF7=b o & L
TUW5, 3 3.2-6 ICFEIT X OREEIARESS . 2 3.2-7 (12T & O FEUSEIA Y 271, (5 HEIES > | Tl
4R L [FRRICASBR 40 B0 & LTV 5, IEiEin I THED U AE U 7 —2 9 23 (2015 FREFA
T) 58T LTWDZ EARifEE LT60kmh & L=,

#3.2-6 FEUEEEEE) (FE(TX)

Station Dwell TimgRunning Timdg  Arrival Departure
Common Station —— 0:00:00
Rosevelt 40 1:05 0:01:05 0:01:45
Balintawak 40 2:25 0:04:10 0:04:50
Monumento 40 3:00 0:07:50 0:08:30
5th Avenue 40 1:35 0:10:05 0:10:45
R. Papa 40 1:25 0:12:10 0:12:50
Abad Santos 40 1:05 0:13:55 0:14:35
Blummentritt 40 1:35 0:16:10 0:16:50
Tayuman 40 1:05 0:17:55 0:18:35
Bambang 40 1:00 0:19:35 0:20:15
D. Jose 40 1:05 0:21:20 0:22:00
Carriedo 40 1:05 0:23:05 0:23:45
Central 40 1:10 0:24:55 0:25:35
UN Avenue 40 1:40 0:27:15 0:27:55
Pedro Gil 40 1:10 0:29:05 0:29:45
Quirino 40 1:15 0:31:00 0:31:40
Vito Cruz 40 1:15 0:32:55 0:33:35
Gil Puyat 40 1:30 0:35:05 0:35:45
Libertad 40 1:10 0:36:55 0:37:35
EDSA 40 1:30 0:39:05 0:39:45
Baclaran 40 1:00 0:40:45 0:41:25
Redemtrist 40 2:50 0:44:15 0:44:55
MIA 40 1:15 0:46:10 0:46:50
Asia World 40 1:50 0:48:40 0:49:20
Ninoy Aquino 40 2:25 0:51:45 0:52:25
Dr. Santos 40 2:15 0:54:40 0:55:20
Manuyo Uno 40 1:20 0:56:40 0:57:20
Las Pinas 40 1:30 0:58:50 0:59:30
Zapote 40 1:35 1:01:05 1:01:45
Talaba 40 1:50 1:03:35 1:04:15
Niyog 1:25 1:05:40 ——=

[ : G T— A

BOE~X a7 ) &2 T BRITERR SR,

2 DOERPENGS  FALRTAIC R X —H 0 b A LT A = A OERR 31T 2 45 25 Fb & 7
0 YRT & =3 T OMEHRRF T 2 43 55 B & 72 D, BIROEERF Y IXFET TS A3 1B 343 35 B, b
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ITXIX1HRI3 50 Fb L 72 5, ERTOI VIR ULIFSIES D& MEETHE, =3 /b axsr A7 —
a VO 1 AE OEERR X TN~ X Iy ) NIEWGE 132 iy LR D,

3 3.2-7 EEEERRy (HTE)

Station Dwell TimgRunning Timdg  Arrival Departure
Niyog ——— 0:00:00
Talaba 40 1:20 0:01:20 0:02:00
Zapote 40 1:50 0:03:50 0:04:30
Las Pinas 40 1:35 0:06:05 0:06:45
Manuyo Uno 40 1:30 0:08:15 0:08:55
Dr. Santos 40 1:20 0:10:15 0:10:55
Ninoy Aquino 40 2:20 0:13:15 0:13:55
Asia World 40 2:05 0:16:00 0:16:40
MIA 40 1:50 0:18:30 0:19:10
Redemtrist 40 1:15 0:20:25 0:21:05
Baclaran 40 2:40 0:23:45 0:24:25
EDSA 40 1:00 0:25:25 0:26:05
Libertad 40 1:30 0:27:35 0:28:15
Gil Puyat 40 1:10 0:29:25 0:30:05
Vito Cruz 40 1:30 0:31:35 0:32:15
Quirino 40 1:15 0:33:30 0:34:10
Pedro Gil 40 1:15 0:35:25 0:36:05
UN Avenue 40 1:10 0:37:15 0:37:55
Central 40 1:50 0:39:45 0:40:25
Carriedo 40 1:10 0:41:35 0:42:15
D. Jose 40 1:05 0:43:20 0:44:00
Bambang 40 1:05 0:45:05 0:45:45
Tayuman 40 1:05 0:46:50 0:47:30
Blummentritt 40 1:05 0:48:35 0:49:15
Abad Santos 40 1:25 0:50:40 0:51:20
R. Papa 40 1:05 0:52:25 0:53:05
5th Avenue 40 1:25 0:54:30 0:55:10
Monumento 40 1:35 0:56:45 0:57:25
Balintawak 40 3:30 1:00:55 1:01:35
Rosevelt 40 2:25 1:04:00 1:04:40
Common Station 1:10 1:05:50 S

325 HKEEICRITAEKERE
TEHAEHE 2 R ET DICHT- 0 | EEROBEECEIZLL TO L 5 ITABE LT,
a) dbOFEEER

BANTL— R~ R RNIEDORRAERR L 72 5, FIBITIRIFESZFEIC 700m RICES TV L 705, =
DERIIASGEETR & U TGRS TIN5 ERFIRE LI o T E 720,
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to south +— | |

Roosevelt station
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frEZRT, L—RA~YL RIS I AT —3 g VOPlE TARNH Y 2T AT — 3 VDR
WX —TNH 570, FHEESN T BB ME—DERAZHER T BT 7 5,
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X 323 SFUAT—IalrONE

X 3.2-4 |22 F AT — 3 v OEELE 2T,

to south +— | Line 3Platform | \to‘Line 3
AN N

N / \

| Line 1 Platform |
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3-18



RN & B FR 2 B E T 5 & Z OFKELEILH £ #EETIIRv, #EEET HHEALE 2 TRClomR
o ZOGFTNZIIRERERZTRT D720 ORI 7RO R — LOIMUDHR A JER LREIER & T 5,

to south €*—

Line 3 Platform to Line 3

ANEEAN N\
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(325 JLORBEROWER S DMBEE (ZEL AT —TaY)
b) BDHKER (=32)

B LY 7 LR TS H7DITiE, #AEROBRITIZS| LT a5 2 LR SN,
D5 EFHITEIC I SN Sra At E LT S LD,

(Y

draw out | | — to north

32-6 FEDKEBRITIIT DHRHREIE

3-19



1 SRR DOBUEDW) LILRER 3 2 L 7o ICE 2 3 3.2-7 1R T

1 L1 L1\
\ AN
1 L1 N[
Balintawak Roosevelt Common Station Line 3
L1 L1 L1 I | [ I
A\ A\
— [ — — | I I I
Monumento 5th Avenue R. Papa Abad Santos Blummentritt
L1 L1 I | [ | L1
A\
L1 L1 I | [ | L1
Central Carriedo D. Jose Bambang Tayuman
L1 L1 L1 L1 1
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#3333 WHERHE

Loy 773
P JEEfe B 2y Tk
Phasel Phase2 Phasel Phase2
2015 2016 2025 2035
BfE DR
BUE DR E R 40 40 30 30
BIE DR R 5 5 5 5
FREPRILHRED 13 13 13 13
TR LR 3 3 3 3
YT T A N
BHE AR - 18 18 18
T AR - 2 2 2
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Common Station - 1 1 1
Monumento 1 1 1 1
Central 1 1 1 1
Baclaran 2 - - -
Dr. Santos 1 1 1 1
Niyog - 2 2 2
BATE AT RE AL 66 87 77 77
H HUmA A 39 61 62 77
[ BT —A
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4.1.2

£412 RECDELGRY
at Present Future
Light maintenance track plan — — - -
Existing Existing Expansion Satellite Total
Depot Depot Depot Depot
Daily Inspection 1 2 1 3
1G, 2G Inspection 2
3~5 G Inspection 1 2 2 2 6
Unscheduled Inspection 1 1 1 2
Total 5 5 3 3 11
F41-3 BHAEOEERLRREEEC LR U7
Number of trainset 12+32+43= 87
Type of maintenance Daily Monthly Imr;c;rrttant General
3 month 4 years 8 years
Cycle days 3 days 90 days 1,460 days 2,920 days
Owerlapping Ratio of 0.97 0.91 0.5 1
inspection
Annual effective working | 5650y | 3121.17) | 312(1.17) | 312(1.17)
days
1.5 hours
Work hours 0.19 day 2 days 18 days 25 days
Capacity /1 track 5.34 2.06 0.63 0.87
Number of track 6 3 2
B

LRT 1 SROFNEERET, AAROEERRAES L OERREICHY T2 L0 TlER, Fvr
U7= i 0 a2, # 0 BIE IR 7 EEREIC LV BT 5 AT A TH D,

% 4.1-4 |2 LRT 1 5f DY HEEREONE 2R T,
BHED XD 3T A0 SR D 14% T 2 53 ARIC
ARETH D,

Bl < AT R BA LTSGA. izl
BERR DIEHER CTIT LRk % 1 == Ml
AY/AN

20% DA T HIEREL 1 R TH XA
1 BROERERRER BRI TH 5,
CHIVEE L EHE A2 LRIl 2=y FEARSETD

HHERERR IR O R B OHFIN S, 12 2=y R 2 AR SE 5,
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F 414  LRT 1 5ROF|EERE
Generation 1G (BN/ACEC) 2G (Adtranz) 3G (KN/NS) 4G
Number of trainset 21 7 12 47
(cars) (63) (28) (48) (188)
s:irtnber of maintenance 1 car 1to 2 cars 1to 2 cars 1to 2 cars
1 month
Cycle days 14 days 30 days 15 days 15 days
Q\/erlapplng Ratio of 1 1 1 1
inspection
dA;;:a' effective working 312(1.17) 312(1.17) 312(1.17) 312(1.17)
Work hours 1 day 1 day 1 day 1 day
Assumed ratio of down 20% (Latest data:19 down / 139 cars = 14%)
Capacity /1 track 0.35 0.05 0.19 0.73
Number of existing track 1 track (0.59) 1 track
Number of trgck for 2 tracks
south extension
1car length * 4tracks (Existing track)
Baclaran depot 2car length * 2tracks (New )

4.1.3 EHIE BB

o #4152 LRT 1 SRROHEAKYF OISR A T,

o 1 HK20 I, 2 [Bl0D~— A THH H EHEREIC X 0 AMaER %2 52 L T b,

o 40 BT IBEAF OVEEAR TR CTE B3, BB L 72 47 SO 7= DIZHT721Z L ROBRE A
Th b,

o BT LWVHIE H BRI T 7 A B R E T D,

#4156 LRT1 SHROELGEGEO EHRIL
Generation 1G (BN/ACEC) 2G (Adtranz) 3G (KN/NS) 4G
Number of trainset 21 7 12 47
Washing days ’\f:(:ir;i?y 81;[;?3312/ 4 days/week
Washing capacity /1 track 40 48
Number of existing track 1 track —
Number of track for south extension 2 tracks
Baclaran depot 1 track (Existing)
Satellite depot 1 track (New)
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4.1.4 HHEMR

HRNZ BT 2 BEE OB BEIIRSFEEZ 16T 720 X9 (S B AN O B E R I OVE SERR N OHIRR 2 fi
T %, BIED /YA OFEEFEHICIT 25 RORERDR B D, 20 95 B 15 RITFH RO EmOLGE
2 MR ERBET 52 ENTE DM, ENLSNOEMTIL 1 Rk LEE TE RV, FH— RO HEm)3
EEHDDL L, TNOOBUL IRKOADOEE 70 s, Lizin-> T, BIEO IO F BRI
1L 30 MK DEE N RIREE WD Z & 12725,

DT Txl hOT 2—R 12T DEFEERE Tl Yo OBEFEMOYBRIIK T LTV
X722 5720, 13 ROBEBEMSER S, FE nhe/ i 53 MRk & 725, LorL., MEED S
DR L. BRICBIT A RBELZEBETH L. FHETREREEIL6 6fFkE 725, LnL., ZOEETO
VLR 39 MR T D78, BEERRII D721 H 5,

T 2— R 2 DI TIL, T 74 MEHAERR S, BEHR, BRCOREEZEH 5 & 87 kD
BERELh, ZORETORKEII6LFER THYEBEAEITELSEY T\,

FERIZFEBEZEORIN AR EIEMNEIL 2 2 E THESND, 0L SMBERRAEIL 77 & 7250,
BRI — R OBEEAEXI L LA T LICL 0, 7Tk~ D7 700 | B R L [F]

Bllie %, Lo T, 20 R OYLIREHEI 21T 5 & &, BME Z OFtl & VI 556, 202
CITBREIC DR T TR BRuy,

77 R OFNEIZ X 5 BEEF T 23R 4.1-6 |27,

# 416 LRT1 5HOHEEHE
Units: Train sets

Opening of South Extension Future
Phasel Phase2 Phasel Phase2
2015 2016 2025 2035

Existing Depot

Existing Stabling Track 40 40 30 30

Existing Inspection Track 5 5 5 5

Stabling Track in Expansion 13 13 13 13

Inspection Track in Expansion 3 3 3 3
Satellite Depot

Stabling Track - 18 18 18

Inspection Track - 2 2 2
Station

Common Station - 1

Monumento 1 1

Central 1 1 1

Baclaran 2 -

Dr. Santos 1 1 1

Niyog - 2 2
Total 66 87 77 77
Number of trains 39 61 62 77

/114 Study Team
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4.2 BEfF Baclaran B EHMOPLIES H]
BEA7-0> Baclaran i L O PEiERE 2 UL 2R,

a) HAEM 138 (1WA )
b) FRAMR : 28Rk (BREUHN)
) HERFEHENR : LR (RREEN)
d) fERERR - 28R (ERE AN, 1HREUT)
e) FEmHAHIR « L HR (BRI )
f) &L ffia

o f(EiE T

o fRHUHE

o HifiiAHJH

o AT

o HURESITAEY

o RPN

o {HKALER SR

o EBALATH

o (ERHHIH
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43 YT T4 NEGEERFHE

Zapote DY7 T A B ELMIGHE 2 DL R IR
a) HHEM 9 (2HmAK 1 #)
b) FRAHE : 2 M (FRELEPN)
) H AR : 1
d) i E B 0 1
e) @ L itk
o JRELE
o HETH] H EYTETHE
o 1E¥Tvx
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Automatic Train Wash Track

Draw out Track

Draw out Track

Light Maintenance Shed

Available areg

Main Ling

Available areg
Working Deck

Siding Track

Stabling Track

Available areg

Zapote Station

4-12
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4.4 EEFEFEHITISITD JICA ODA DEKEH

a7 NORMEMEYS O DOTC OB = v o b & OB RABO%, 2 DOH AL
HN DB DR R E D ENAE ST,

AR, EmIEMKIENOT X TO E&M DIEZEIL, AP T L TV D fiisk D%
CBEIA VA —T 2 — AT REEE (arty v axT) LKoo TEBINET,

VEZERIH DONFROMELIFR 4.4-1 1”7

F 441  EFEEHIZIBT JICA BE CEMT A /ELEE

Area Item JICA Loan

Others
PPP DOTC
Land acquisition *
Soil improvement *
Land reclamation

(Embankment, Track bed. Retaining wall, Drainage, etc)
Track work

(include Access line, Stabling line, inside Workshop, etc)
Overhead Catenary System *
(include Access line, Stabling line, inside Workshop, etc)
Signalling System *
Telecommunication System *

(Train radio, Dispatcher telephone, Optical transmission, etc)
Substation

(Traction power, Depot power)
Power distribution

(High/Low tension)
Satellite Building for DCC *
Building for Administration (Concessionaire) *
Building for workshop or other maintenance activities, or
administration of LRTA (if required)

Road inside the Depot

Train maintenance equipment

x.

Infrastructure maintenance equipment

E&M system maintenance equipment
Drainage *
(Domestic sewage, Industrial waste water, Recycle water)
Water supply *
(City water)
Industrial waste storage (from maintenance Oil/|Grease etc) *
Fire prevention *

X[ k| *| *

Illumination towers inside the Depot *

/14 Study Team
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F44-2  EmEHNTISWT JICA B CHEMET 5 /e

Area

Item

JICA Loan

Others

PPP DOTC

Baclaran

New

Land acquisition (if necessary)

*

Soil improvement

Land reclamation
(Embankment, Track bed. Retaining wall, Drainage, etc)

Track work
(include Access line, Stabling line, inside Workshop, etc)

Overhead Catenary System
(include Access line, Stabling line, inside Workshop, etc)

Signalling System

Telecommunication System
(Train radio, Dispatcher telephone, Optical transmission, etc)

Substation
(Traction power, Depot power)

Power distribution
(High/Low tension )

Building for New OCC (If equired)

Building for Administration (Concessionaire)

Building for workshop or other maintenance activities, or
administration of LRTA (if required)

*

Road inside the Depot

Train maintenance equipment

Infrastructure maintenance equipment

| k| k| *

E&M system maintenance equipment

Drainage
(Domestic sewage, Industrial waste water, Recycle water)

>(.

Water supply
(City water)

Industrial waste storage (from maintenance Oil/|Grease waste from

wheel turning etc)

Fire prevention

Illumination towers inside the Depot

Existing
modification

Track changeover

Overhead Catenary System

Relocation of public utility

4-15
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BE5E EMm
5.1 HEMOILIR

511 2%
1 ST 3RO ANE TS TV 5,

AR OB L 1984 4E0D 1 BHRBHZEREIC 64 WS BE A S U7z, BUIE 1 M| SRR 2 » Fid D
2 T 1 MR AT %, D%, Bk 0 Y = 7 M X SR OERIT 1 FHH7- 0 D
WiE ) 2 1) b S5 720 3T C ARG 2 Hvi-, ZAUC X0 21 WX SCEEE R R A B D A
HELCSod Sz, 2 D7D — AR OHM 3 2 [ 32 #pk2 5 3 i 21 fpk & 1 O Pl & e o7,

RO 1999 EDOBRE IR T 1Y = 7 DT =— X 11T K0 EA ST, B IR
1 7 T TS AL, A CLRRRE 72> TN D,

RO X 2007 AEICEE IR T 0 Y 7 N7 = — X 2 12X A S, BT A
DOFE & [6] UHERRIZ 72 > T D,
5.1.2 FHEDRH

% 5.1-1 12 1 SHEOHAEDE 2 OHERAE K O] 5.1-2 |2 OWEE A 7R~4, 140 [ § 33 [ A3 E TANGE
DOIREETH VY . ZNHDH B 7 mNFH, 1 M7 1l K D%, 25 [l 5O R BRI L DD & 7o
T3,



#51-1 HEmOREE

Car No. operational| cause Car No. | operational cause Car No. operationall cause Car No. |operational cause
First Generation 1041 X missing parts Second Generation 1211 O
1001 [e) 1042 X missing parts 1101 [e) 1212 [6)
1002 X missing parts 1043 o 1102 X missing parts 1213 (@]
1003 X missing parts 1044 (o] 1103 (@] 1214 (0]
1004 X missing parts 1045 [e) 1104 [6) 1215 (@)
1005 X missing parts 1046 (@) 1105 X missing parts 1216 [@)
1006 X missing parts 1047 [e) 1106 [e) 1217 (@)
1007 X missing parts 1048 [@) 1107 X collided 1218 (@)
1008] [e) 1049 [e) 1108| [e) 1219 [@)
1009 X missing parts 1050) [e) 1109) [e) 1220 6]
1010 (@] 1051 (o] 1110 (o] 1221 (@)
1011 (o] 1052 (o] 111 (o] 1222 (@)
1012 X missing parts 1053 [6) 1112 [@) 1223 o
1013 X collided 1054 X missing parts 1113 [e) 1224 (6]
1014 [e) 1055 [e) 1114 [@) 1225 (@)
1015 [e) 1056 [@) 1115 [6) 1226 (@)
1016 [6) 1057 [6) 1116] X missing parts 1227 (@)
1017 [@) 1058 [e) 1117 X missing parts 1228 [@)
1018 [e) 1059 [e) 1118 X missing parts 1229 @)
1019 @) 1060 o 1119 X missing parts 1230 o
1020 [e) 1061 [e) 1120 X collided 1231 @)
1021 [e) 1062 [e) 1121 X missing parts 1232 (6]
1022 [@) 1063 [@) 1122 X missing parts 1233 (6]
1023 [e) 1064 [6) 1123 X missing parts 1234 (6]
1024 [@) 1124 X missing parts 1235 [e)
1025 [@) 25 X missing parts 1236 X collided
1026 [@) 26 X missing parts 1237 [e)
1027 X collided 27 X missing parts 1238 [e)
1028 [e) 128 X missing parts 1239 [@)
1029 [e) 1240 @)
1030 [@) Third Generation 1241 [e)
1031 [e) 201 [e) 1242 [@)
1032 [e) 202 [e) 1243 (0]
1033 [@) 203 [@) 1244 o
1034 (@) 1204 [@) 1245 (6]
1035 [@) 1205 [@) 1246 o
1036 [6) 1206 [@) 1247 X collided
1037 X bombed 1207 [@) 1248 X collided
1038 [e) 1208 [6)
1039 [e) 1209 [e)
1040 O 1210] O
O: 1E{TAMEE X FHITAHE operational
>, MU
F 512 HEMIRERTE
fope S — S — N =
1A AR AR a7
T 50 12 45 107
B TARE 14 16 3 33
SRR ) @)
Fig @ @ G @
e (12) (14) (25)
Cill 64 28 48 140

1) SH—RERm

3 WIS L OYRIRIC L 0 KL T D, 11 WITERSE ORI L 0 E T REEDIRRETH Y . £ D H
HO 4 WIIREHINT T > CEITARBEDIRIED W TN D720, %< OERILINERY £ S REEIC 22 -
TW5, BERBESFENRUVREETHRE S LOIRRE L 72> TWD T DR AL LU,



Ny RIA RN AR—2 SN TS (1006) TEIRSEM R STV D (1006)
X511 HF—HRER
2) BB AREEM

AT 16 MDODNEITRNEEOIRRE TH 5, 1107 FH.& 1120 B HITFHD /2O X T LT D, £D
D H T LT DM IAMA FII R & 202 A= 3OO AR RN E STV b,

X512 FHHARERN  EAPERFHICL VAR LTS (1107)

3) F=iRER

3MNFHUT L VB L T 5, 1247 SHL L 1248 SELTE UdHic L W AR L T8 0 @ o R
AL PRV BTG LT D, 1236 5 HUTHHR FEAHAR LK F ORI 0 — #3515 L C
AV



X513 F=HRER : BERSMRIBE LD TS (1236)
5.2 fEEE

52.1 H—ARER
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DRTBLZEIRZ T2IE ) DR VRFEZE R DILD, LIZhi> T, H B OVWTIE 16 fRil 48
MZF% L, 2025 4 TITIIAHEEHRZ & T2,

522 BT {HRER

7 FRECH 4 MR O AR RIZ K D EIEARFE S 7> TUND, 2D 4 Fpkd 2 Ml Esic L A kA &
2o TN D, B EE & [FIAE 4 8RRk 16 IC W CIRg B o B X a2 7-1E ) DNRFIIIC B & £ %
bD, Lo TH A ACEmIT 3 MRk 12 M3k s Z S22 0 | [AERIC 2025 42 £ CICE X #z 5
ZEld5,

5.2.3 FHB=HAREEM

B REE X 3 A FERIC LV HEEL WD, ZRHIELRTAIZE D IEMH (72 =2 k No5
HAHNIMOFREICLVEETLZ L 2T 5,

5.3 4R

EATHENZ LD & B BT 0 2017 - COME R B iR EU T 61 fRpk T BEAE H 31 R DS
EEZED GETARETH D, LN -> T30k aH 4 tREH & LT ny =y hoT=oIclE
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1. HL[H] 1,435mm

' HE
@ Bl E Max. 106m
) H{AIE 2,590mm-2,600mm
©) A Max. 3,900mm
@ INBETT TERE S Less than 4,300mm — more than 6,000mm
5) INBET T TP Tl S Max. 3,950mm
(6) ZNTAT=ES 920mm
@ ToFITATDEmS 750mm
8 HmER 660mm (new) — 600mm (worn)
) [ 7 i Max. 2,100mm
(10) T HHLC TR Max. 10,000mm
11 EHEES 1,900mm
3. ER
) INFREE 750V
%) S A SN0 il 525V — 900V
4, PG
@ S 60km/h
) S R 1.0m/s?
©) B 1.3m/s*
4 FEHIOE 1.3m/s?
5. AEITVERR
(1) oo INHAR R 25m
) b 4%
RN 11t
TL—% AT L BN & > T G I HRIBIAMER T 5 2 &
K7 AT 2 FIEAEITHIL RTIEBAN RN &
BHBEFIIITCE RN &
IEFRHZFERN COBBENFREETHDH Z &
77 &7 S O B AR

PUFIZLRT 1 50 A B 7 5B 51T 2 Bl OAEAER TH 5 AR THEAT O BREOZLEFIC L -
TEb->TL %,

1. i 30 years
2. FRAAERL Mc-M-M-Mc
3. L5 2 HKHEES A
4, HIH R
(1) HIAR 26,000mm
) 2R (GeiEE) 26,350mm (7> F7 T A~ - HftEE)
©) 2R () 26,500mm GEfEdR — HFER)
ER w4 0 1,350 AL L SZRE 7 Am?
) R
(1) zpss AT U LA
) JEAEART B 400kN
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FOE  HEEOMERE

6.1 FEEOENE

AETIX, LRT1 SRR EMEZED JICA ODA i W TEEEOERE AT, B, RS
AT IEEAE A, BE ARG RSV TR Y . F2ERRIC 1 BREEEXE O U ) F— g TR
HIE WA SR L“Cééﬁﬁz L7

1) AR

AFESRIEIE, JICA LV SN EHIC LV BLF 0@ ) 8 7E Lz,
o  BEFHEDEIS 1 JICAL100%, 74 UL 0%
o ML — ] :US$1=82.43 ['], US$1=PHP 43.6, PHP 1=1.89 []
o i BHE  AME(FC)=2.1%, NE(LC)=2.5%
o Tl : A% 5%, 2LV ILT 4T 5%
o LY NHL K ZFASN—EDL— b (JICANSDIER)
o B : HIMEERI(VAT) 12%. i ARIHL 0% (GOP I & v b b)
o EHIER 5% (JICA R %@'ﬁi&)

o  FEERHARIT AR HiR 0.2%. 2 YT 0 7 0.01%
o 3:‘)1\7‘/1\7{4@.0.1%
2) fREEEHE

VITOIEB OHEEHZOWTIL, B TEX D L-ULOREEEIZITE L TURUY,
o UYINT 4 TP —E R BIEBETIZINEDA DSEGR L7-D L [EIL~LTH D,

6.2 EEEEFHE

IR EEEE T, JICA ODA o — 2 O#iH . T 7/2bb 2 G st d,. BEfFHE
WOEE R L O EF O HOWTOREXRE T 5D,

A7 a— WX, EEEHEOFE TIRRTZLL D 2 7 = — X253 7,
o 7x—X1: XM Dr. Santos BRE TOHERIEIZE, Baclaran BLijFEHIEDO7E T, LRTA
1285 3G LRV DEE, L8 HH /7y OFHIEm DB A, 2015 45 A
e T7x—XR2:Niyog BRE TOEHEBAE, Zapote V7 7 A +HMHHOTER, F/NEHLEE % 2.5
T HHEIC L AEHEOR L, SHICa'Er AT — g D58 E . Y 22 FIESyOH
HIEM OBEANSER T 5, 2016 /-5 H

TARTHL E&RM THEOBE/GEEEIY, FEORIDNIE > TEETHD, ILIZEETLIFEDE
T. #1213 Roosevelt B & North Avenue BRORD a2 25— g o OEERRC, HLEilse s 2T LD
X, LRT1 SRR iSO 72 FhE D 7= DI R A R TH 5,

2P LN DFEER Y 2 — UL, AREETIEE L LTV,
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2013

2014

2015

2016

01

02

03

04

05

06{ 07! 08{ 09

10

01

02

03 04

05

06

07

08

09

01 02 03] 04 05 06

07

08

09

01

02 03] o4 05 06 07

08

09

commencement of the project

| Phasel |

]
| Phase2 |

partial open of south extension

(up to Dr. Santos)

3.25 min headwaty

Existing Depot

full open of south extension

up to Niyog

2.5 min headway ;

| i 1
i i f

Demorishing of current buildings

Required number of

Required number of

Civile_work

Trains

Trains

Building

39 trains

60 trains

Track work

[o]e1]

E&M

testing

Satelite Depot

Civil

revetment of river

removal water and soil

soil improvement

embankment

roadbed

others

building

substation

light maintenance & office

E&M

Electric & Mechanical

Track

0cCs

test run

testing

Available Existing Train

at 2/4 of 2015

1stgen: 16

2nd gen:3

3rd gen: 12

Total: 31 trains

New Rolling Stock

Design

Conceptual Design

Detail Design

Available New Train
at 2/4 of 2015 8 trajns

Procurment of Material

Construction

Train 1

Train 2

Train 3

Train 4

Train 5

Train 6

Train 7

Train 8

Train 9

Train 10

Train 11

Train 12

Train 13

Train 14

Train 15

Train 16

Train 17

Train 18

Train 19

Train 20

Available New Train

Train 21

Train 22

at 1/4 of 2016

Train 23

30 trains

Train 24

Train 25

Train 26

Train 27

Train 28

Train 29

Train 30

Available number of Trains

61 trains

Available number of Trains

39 trains

T T T T
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6.3

JICA ODA E5y DE¥EE

% 6.3-1 12, JICA Fiy DTS Zond, HAEIIAME QpY) #8455, WEERS (PhP) . BELOYUSST

RSITND,
631 JICA u— DWREELRE
Jpn Yen (‘M) Phi Peso (‘M) Total (Jpn Yen)('M) Total (US$ M)
Breakdown of Cost Total Pilr%ﬁn Others | Total P‘:)I:t:iﬁn Others | Total Pilr(t:i':n Others Total Pilrﬁﬁn Others
Rolling Stock 25,249 25,249 0 0 0 0 25,249 25,249 0 306.31 306.31 0.00
Depot 3,553 3,553 0] 770, 770 0 5,009 5,009 0 60.77 60.77 0.00
Refurbishment 0 0 0 0 0 0 0 0 0 0.00 0.00 0.00
SubTotal Direct ODA 28,802 28,802 0 770 770 0| 30,259 30,259 0 367.08 367.08 0.00
Consulting Services 1,882 1,882, 0 612 612 0 3,039 3,039 0 36.87| 36.87| 0.00
SubTotal Direct Loan 30,685 30,685 0 1,382 1,382 0| 33,298 33,298 0 403.95 403.95 0.00
Price Escalation 1,755 1,755 0 39 39 0 1,829 1,829 0 22.19 22.19 0.00
Physical Contingency 1,528 1,528 0 40, 40 0 1,604, 1,604 0 19.46 19.46) 0.00
Land Acquisition 0 0 0 0 0 0 0 0 0 0.00 0.00 0.00
Administration Cost 0 0 0 971 0 971 1,837 0 1,837 22.28 0.00 22.28
VAT 0 0 0 175 0 175 332 0 332 4,02 0.00) 4.02
Import Tax 0 0 0 0 0 0 0 0 0 0.00 0.00 0.00
Interest during construction 148 148 0] 0] 0 0 148 148 0 1.80 1.80 0.00
Commitment Charge 148| 148| 0 0 0 0 148 148| 0 179 179 0.00
SubTotal Indirect Cost 3,579 3,579 0 1,226 80 1,147 5,898 3,730 2,168 7155 45.25 26.30
Total 34,264 34,264 0 2,609 1,462 1,147 39,196 37,027 2,168 475.50 449.20 26.30
1 - ST

£ 6.3-2 1%, BEHHERRIZI T D JICA HyDOFEEOWNRE~T, 3£ 6.3-31%, LRT1 O
AR OWNREZ RS, £ 6.3-4 (%, JCA n— DX HAY ¥ a—/LERT,



#6.3-2

B A HIERER D EB R

Cost Estimation for New Satellite Depot and Expansion of Existing Baclaran Depot

Unit price (without VAT)

Amount ('000)

Description Spec. Unit Quantity Yen Peso Yen Poso

:s:,il[me i work f;:;;"éf;:mgg;g:;'; m2 43,000 2,100 0.00 90,300.00

Depot embankment h3.3m*35,000m2 m3 115,500 1,250 0.00 144,375.00

River wall along Paranaque river m 250 5,000 0.00 1,250.00

Bed for railway track h0.5m*35,000m2 m3 17,500 1,200 0.00 21,000.00

Rain water drainage in track yard m2 35,000 143 0.00 4,991.70

Road and Parking in depot w4.0m m 800 2,500 0.00 2,000.00

Fence around depot h2.5m m 1,600 10,750 0.00 17,200.00

Subtotal Civil Works 0.00 281,116.70

S:gd;ggc,m,es gghclf’;;“éi’;‘:’;ﬁ?;fﬁ;g;;’“”d floor) f;%‘f'l';:‘m' m2 2,040.0 120,000 21,157 244,800.00 43,160.99

Sub-station RC-1floor 20*25m m2 500.0 0 37,025 0.00 18,512.68

Tank of industrial waste water treatment RC 8*10*4m m2 80.0 0 26,447 0.00 2,115.73

Pit of car body washing RC 4*40m m2 120.0 0 10,579 0.00 1,269.44

Oil storage RC-1floor 3*3m m2 9.0 0 31,736 0.00 285.62

Hazardous material storage RC-1floor 3*3m m2 9.0 0 31,736 0.00 285.62

Waste material storage space RC 5*15m m2 45.0 0 15,868 0.00 714.06

Gatehouse RC-1floor 3*4m*2, 3*8m*1 m2 48.0 0 31,736 0.00 1,523.33

Material storage RC-1floor 10*20m m2 200.0 0 31,736 0.00 6,347.20

E;':ggsfjs;:;:fs Light maintenance shed ot 1 81,600,000 43,160,985 81,600.00 43,160.99
Air ventilation,

Fire protection) Sub-station lot 1 7,000,000 3,702,535 7,000.00 3,702.54

Subtotal Civil Works Building and Facilities 333,400.00 121,078.20

E&Mfacilities Cable trough total 4,300m 100m 43 0 52,893 0.00 2,274.41

lluminating tower pitch 75m nos 12 0 528,934 0.00 6,347.20

':;L‘l’i;::‘n‘;"as‘e water treatment nos 1 33,000,000 1,057,867 33,000.00 1,057.87

Security camera system A 35,000m2 lot 1 8,000,000 1,057,867 8,000.00 1,057.87

Rolling stock light maintenance facilities lot 1 210,000,000 5,289,336 210,000.00 5,289.34

Car body washing machine track 1 38,000,000 1,057,867 38,000.00 1,057.87

Subtotal E&M Facilities 289,000.00 17,084.56

Sub total for Zapote Satellite Depot 622,400.00 419,279.46

Baclaran |Civil work Bed for railway track h0.5m*16,000m2 m3 8,000 1,200 0 9,600.00

depot Rain water drainage in track yard m2 14,000 143 0 1,096.68

Road and Parking in depot w4.0m m 470 2,500 0 1,175.00

Subtotal Civil Works 0.00 12,771.68

Building and Workshop (Heavy maintenance) Steel-1floor 25+95m m2 2,375.0 120,000 21,157 285,000.00 50,248.70

Facilties Light maintenance shed Steel-1floor 125+21m m2 2625.0 120,000 21,157 315,000.00 55,537.13

Sub-station RC-1floor 20*25m m2 500.0 0 37,025 0.00 18,512.68

gggzggﬁ:g'lge‘s“ardhc'“ses at Depot and ot 1 o 5,000,000 0.00 5,000.00

:ﬁﬂ@lﬁ;ﬁ;ﬁﬁ;ﬁ?ﬁ ::‘;m'"'s"a"ve Building lot 1 0 77,760,000 0.00 77,760.00

Tank of industrial waste water treatment RC-1floor 8*10*4m m2 80.0 0 26,447 0.00 2,115.73

Material storage RC-1floor 30*20m m2 600.0 120,000 31,736 72,000.00 19,041.61

B(wl'lne% ':u%';l';s Workshop ot 1 95,000,000 50,248,696 95,000.00 50,248.70

Air ventilation,

Fire protection) Sub-station lot 1 7,000,000 3,702,535 7,000.00 3,702.54

Material storage lot 1 21,600,000 11,424,967 21,600.00 11,424.97

Subtotal Civil Works Building and Facilities 795,600.00 293,592.04

E&M facilities Cable trough total 1,000m 100m 10 0 52,893 0.00 528.93

lluminating tower pitch 75m nos 6 0 528,934 0.00 3,173.60

Construction of Motor pool Building lot 1 0 6,000,000 0.00 6,000.00

'qu:;:::‘n‘:’as‘e water reatment nos 1 33,000,000 1,057,867 33,000.00 1,057.87

Rolling stock heavy maintenance facilities lot 1 600,000,000 12,694,407 600,000.00 12,694.41

Rolling stock light maintenance facilities 3-track 1 340,000,000 10,578,673 340,000.00 10,578.67

Subtotal E&M Facilities 973,000.00 34,033.48

Sub total for Baclaran Depot 1,768,600.00 340,397.20

To be used |Non-RS Tracks lot 1 1,053,000,000 5,289,336 1,053,000.00 5,289.34

';;J‘;thsnes gzg;:z:fe Power supply lot 1 8,000,000 0 8,000.00 0.00

Overhead Catenary lot 1 50,000,000 0 50,000.00 0.00

Signalling lot 1 4,000,000 5,289,336 4,000.00 5,289.34

Telecommunication lot 1 39,000,000 0 39,000.00 0.00

Buildings Facilities lot 1 8,000,000 0 8,000.00 0.00

Sub total non Rolling Stock Equipment 1,162,000.00 10,578.67

Total amount 3,553,000 770,255

Grand total ¥5,009,242
’?%00;’ @ 2,649,557
$60,770

M G




#6.3-3 BOHEMFREE DR

Unit Price Quantity Price
Design 400,000,000 1 400,000,000
Construction (MC) 199,500,000 60 11,970,000,000
Construction (M) 185,000,000 60 11,100,000,000
Transportation 6,000,000 120 720,000,000
Commissioning 320,000,000 1 320,000,000
Spare Parts Special Tools 589,400,000 1 589,400,000
Training and Manuals 150,000,000 1 150,000,000
Total 25,249,400,000
1L - T

1 #2472 © O - 210,411,666.7 [

#634 JICAu—rOXHAFr Y 2—v
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BIE  REASEE

71 RENHSEREORERIE
B S AR R DRI FOTIECHESE L=,

O BEETEAAL L (EIA : Environmental Impact Assessment) L 7v— b, fERBiLGHE (RAP :

Resettlement Action Plan) | BREZEGFENIE (ECC: Environmental Compliance Certificate) % DREATF

LEOLE2—T5

HHE A 2AT O

JICA BISEHEBUEN A K742 (00044 1) (ZHBIHEICA 71 K1 2 L) 1hEw,

WEAF EIA <2 RAP &9 218 H . NEZMT 5

@ MEISLT, EIA, RAP OMIETE 2 S CE BRI E R n — L3 4Ly o MIHZFEL
ES gV

® HIEEIA, HE RAP OIERO 7% DOTC KU LRTA & %483 %

© ©

LRT 1 SRR DOWTIE, EIA KOYRAP LR — F THNR—EN TV D IEME RS R —3% v M aX)
Gl L THHECEDO L Ea—21T 908, /2 EIA KO RAP I[ZBT B HEHc oW T, BEER O
FA NTRIZESEEZHTDH

72  REMHSEUEIZERT 1S & BRI

721 BRETERAU M (EIA) (T4RDEEHE
1) BETERXAVF (EIA) ITRDIEHIE

T4 UVEVE (70 H) CIIARESEEIC UENMEE SN ERFHET (7 ) HERE
AT B A A NI AT L (Philippines Environmental Impact Statement System : PEISS) 23 S5,
PEERZ OMOFEDOFEMIC LV BRRRELELHMEL, 17 4) EHEFFIRETT XA F

(Environmental Impact Assessment : EIA) % 18 & REOFE & U THEMT 5 Z & &l L7, PEISS
(ARDEERES - FBNILLT OB Th o,

a) FEEDE 1586 5 (1978 4F) RIBRESMEET AT A

BB ET A A v N EHE LTASIL, EFERER#EZES  (National Environmental Protection
Council) I X Y 7€ 4172, NEPC I ZEFAER &2 54 (National Pollution Control Commission)
LA S, BREEER  (Environmental Management Bureau : EMB) & 72572,

b) KEEESH 2146 5 (1981 4F) K(® #5803 5 (1996 £F)

ERRBRIE R ANDEE SN D ¥ (Environmentally Critical Projects : ECPs) & OVEE K 72 BR B 5228
FE SN A HEE (Environmentally Critical Areas : ECAs) ZERESEE T & 2 A L b3 2T LD 4
EHIE LT,
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0) BRIERREFEESE 305 (20034E) DOUETHRFRE~==7/L (2008 £F)

FHERES 1686 D FMaa BUE L PEISS 7% LTz, BfifFEOES, Fhis, BIEERR LD
FEAIZR TR Z AR L T D,

2) BRETEBARAL EHEATEORERR

ERIEATEUC BT 5 B O BB TR KRG  (Department of Environment and Natural
Resources : DENR) THh Y, EREHENILLTOWEY Th b,

o EHHZRIA & AR ZMEE L AVERC X B RERETR O R E NI 22 FRGe 7 iR

o RIREIROEPEMEZE D, NOBINZ X D8, 88, HH~OFE A7,

o KIRNEIZ X 2 EFEORFHFEA R

o R DHE I HZ— NADORIREIRA~DNFIRT 77 AR

o [7 ¢ HOARCEFEZ T Bk Z 1 2 RFERE B & RO RO 7=
R,

% (Environmental Compliance Certificate : ECC) MK UM% 47 (Certificate of Non Compliance :
CNC) EEDRAICREEHORITEAIT Y, £7-. EMB MUTEBNL, £H5 OBI I+ 5 ik
EEOETEZAT D,

3) REEETEAAL MVAT A (PEISS) EMIIRDFhex

HEET D HET N—TRRGIT L - TEIA BB TR X ICH B/ 25T R 0 | BB Gl L
RFHUT DT ey, B 7.2-1 12 F OFEME 7 v — ORI Ao,

(7 4] EDEIA FEEI2IE, 1) A7 V—=27 2) Aa—t" 7 3)EIA OFEi & Hk E 1,
4) BREET B A A L MREEEORET LRI, 5) BEEWRE, 6) ECCHITRE=4 U 7 LMD 6
B 5, 12D 5 BRI #EIRH M ECC b L < 13 CNC HIFERHI VIR TRiX Th D, LITIC
DENR-EMB OFFEEIZD ) D iR B AR 7.2-1 1T~ T,
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Hilll, BT e X~ =2 /L (008 4E) (CHS Tk
X 7.2-1 (741 EDEIA DER 72—

#72-1 DENR-EMB DEEFRE IZhMNDHERE
LB = — - Bl T DENR-EMB O Ffi & (2h )5 TAREE 2P
EMB I L 255 & Fhr = 90 H
FESEDTRGE 15 H
EERESHORT 15 H
ML 7Tk 7 't X ~== 7 /L ([Revised Procedural Manual for DAO 03-30, 2008)

4) BT EAAL MNEBENRLRIEE

(7 ¢ ETIZEKRRREY

)i

BOESNDFHE (ECPs) KOEHRRBRBERE DT S5 Hiull
(ECAS) IZBITDFHEITREET B A A NEOXR L0 %D, KitHE S 2146 5 (1981 4F) &

803 5 CTHIE SN T 5 4 FlD ECP LN 12 fliD ECA O E 23K 7.2-2 LK 7.2-3 1T1-7,
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#1722 BERRREZENMIEINDEHE (ECPs) OHfE
FhREEHT I — YT T —
AFETH o HRIMEIRILE
o FEBRAIBAIZE
o MMLFTE
o WEHTT 1
B.&IRER IS o M ONECE MBS
o FR¥
o FIRAEHILS L OB
CAVTTHE o SIS L\
o KHIREEfER
o RHFHDNT T
o LA N ONERL R
D. SN 7 a— R ik o LT a—Rfiigk/ TN T T — A G ETEATH R

ML : 27Tk 7 't X ~== 7 /L (Revised Procedural Manual for DAO 03-30, 2008)

#1723

BERLBRERENEE I 5k (ECAS)

ECA W17 2V —

Bl

CENTARE, R, BAEMAIX
KON BRI TR E S v ik

ENIF#EXHAT AT 2 (National Integrated Protected Areas System) F57E
X

. BB R ONEBTERD 0B & L TR
ST B HIE;

BUCAERZ OMOBDLPAFE BRI OFR L/ PRt X

. MERSEHCBE LT T2 ) [EER O
Al (BRI 2 Ete) D4R
Moz A9 % ik

AMETRAROMER R, 7 O, MEERRE, Vo v P UORHMRE
I OFEREC, ESZHEREEM ALY A N

RS B MBS, BEEOmICE
WA OEZENEE B ORI

[ENZIE S FEAT-CEN LA, [EN SIS R B A RENE R AR RS
PSS DS, T BB, AR U <3S PROIREX

CRREOEEAT LA 2 =T A OR
XD AR EmERIX

SEERIRIC K D SEEMEDMRTE, b L IBSEAHIOMERIAR D HEED 22 &
T, b LEET s TV 5T

FAERIRICE VRO M E LTEAEL TS, b LAUTERSNT
VDT

. BAREE (MYEHkOKE, ok, &
B KITEES) AMEFRLTVWS, b
L <132 OED LR A1

FEEOEESERS X O O E 2 5858
R DI R SOV DY E 2R
HBDIAF L OB OPRE 245
BN L9 U X
KIFEEIDEE Z 0 0O HEX

W R 3 K OWE RINCLE 5 HiX
BN Z 0 R0 U X

NGEPRAY: LIPS
TR % HiX
NG APRAF: LIPS

. R

50% LA E MR !
AR K UGEHIATREZe s K USRPEHO MM

. FERHINCSRE S 4B Rtk o THUKEELR (the Bureau of Soils and Water Management) 733%37 L 7= 34
{REX R >~ hU—2  (Network of Protected Areas of Agriculture) (IR SA7=
BEFREREHIIX F6 IS ONEERE PTREHIX.
- RO TEEE i o KIS X
. K o FEER/KBIIONFFHIX
o BEENYOIRSEISTh O R AEMERHCEHk T 2 HIX
. T a—T AR o HUKMHEDIHTIAE T HHENEETT 5, WOREEZ T HHIX

~ 27 u— 7 IR R E X

V=

B2 ToVEPERE SO T & > THRASSHT A X
DENR {RAEXEEAMSE (Protected Areas and Wildlife Bureau) 73 L7=
» ADEBWRDD BT X

G 7 7 X ~== 7/ (Revised Procedural Manual for DAO 2003-30, 2008)




PEISS Cld., F¥4 2 OME & EZhhanc L v, LFOR 7.2-4 |TRT L HIT5 ZA—FIT5FE LT
Wb, ZOFEEZNL—FI2L Y. ENR-EMB TO PEISS |23 A Wik & B EREIC LT L 72 AN
Hrp-TL B,

#%72-4 PEISS FTCOEEIN—F

77— | ECAs F£721% NECAs Z5&te ECP H¥4T

TN—T"1l | ECAs NIZF1T D ER/REREZENEE 4172\ H2E (Non-Environmentally Critical Projects : NECP)

TN—T W | ERBEFEREDE S0k (Non-Environmentally Critical Areas : NECA) (Z331F % NECP
EiE

IN—7"I\V | HFEFEE EROFHEED EO RN CHEL i - FHT 5, RERFEKS LEFHERH T
I$E5)

TN—TN | FOMOFE

ML : 207k 7 X~ == 7/ (Revised Procedural Manual for DAO 2003-30, 2008)

BRBET B A A NEfERBRE DTN —T 1, N, IV TlE, FEOXA 7, BT, HEELS, F
SHAEIC L ECC BUSICVEARERIILL T O 5 TH D, EhiktBND 7 —7 1, Il TixEE
WL LN VLT h 5,

i) EREEEGHMZE (Environmental Impact Statement : EIS)

i) 570/ T LSS5 EIS  (Programmatic Environmental Impact Statement : PEIS)
iii) FIABREE AR S (Initial Environmental Examination Report : IEER)

iv) WIIBR BT AR T = » 7 U 2 & (IEE ChecKlist : IEEC)

v) FEEMEE (Project Description Report : PDR)

VLRSI N TEEE DMERL L, Ut EMB B0 3T EMB SO EIA S22 T 5,
EIA Ft X OfE 5% EMB-DENR (20 HEREI#EAFEHE (ECC) . JELMAFHZE (CNC) & L<IEAR
FFaliE (Denial Letter) & L CHERESILD, UL FZENENLOMEAFET,

i) BRELHMOAEME (ECC) : DENR-EMB 1L ECC O&MAFM Uiz, FEF DB TT X RE
LLTHITEND

i) FERZMREE (CNC) « FEEE (PDR) (222X, PEISS 2% S417 H-> ECC 3 LEE
& SNRWEEITIITIND,

i) AFFAEEE - AFFAIERE KA EIA FREX I T 21535720 D8ER R Lic iA 2
AL EHITIHTIND,

BFEXIFTNE L 705 ECC MFEESE, BUST 2570, AGa. Thixi¥ifaR 72510577, 7
N—7" 1 FHEIZBW L, ECC BUSIC M E 2 a T - EMB (242 L. EMB JGEH L< DENR £
BNOOERERET 5, VL —FMHIEIZBWTIL, #5 EMB IZH#2H LHTS EMB RiED S O&ZR
BT 5,

7-5



#725 REEIN—FRHCBITD ECC BEICNLE R EHFL

L UR
S WELESE | TS s A 2]
(E2EH)
I: ECA Hi\ VI NECA IZBIT5 .
o~ EIS ECC EMB J&E/DENR £ | 120 H
II: ECANIZHITSH NECP %# | EIS/IEER/IEEC/PDR | ECC #1755 EMB & 15-60 H
I1I: NECA PNIZ331F 5 NECP 3 PDR CNG EMB fF&E/IH1J57 EMB 15 K
Rk
IV: 3E[EE3 PEIS ECC DENR EE 180 H
. NN B9k
Vi RGPS oDR E:I\'&C/ ffli‘ iﬁi EMB J3£/DENR £ | o
pal e = P
A B/HhJ)7 EMB fRE

ML : 27Tk 7 7 X ~== 7/ (Revised Procedural Manual for DAO 2003-30, 2008)

5) REETERA L MREEORNEE OBEE

AR X 912, FHEOFH, FEFERMESIT, BB ASW ROFEAEZ Gt L7- T, EIS, IEER,
F 721X PDR OV & 1ERT 5, DENR 13 2010 4F 6 A 29 HIZ, @45 2010-14 5 (Memorandum Circular
N0.2010-14) [&AFRAY7 PEISS SEMEIZH 1T DAERSMONELLM L (v e 2436 L, i EOME%
L L TV D, BB EED EIA RIS EOWMELF 7.2-6 ITRT,
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F72-6 FHBEEERICRBITS EIAREEOHE

SR E
Hx
=
1. A
11 I NEHTT & HHH
1.2 BTN OB
13 HHEDORBEERT
14 FEONE
15 TR BTSN
16 SR
17 BRFSEIE, FHHERT T a—/L
18 N
19 G o R MBI
2. BREZRES AT
2.1
211 TR R OV 5y
212 HOE K O
213 i
2.14 gAY
227K
221 IRSURSCHIVET
2.2.2 W
2.2.3 KE
224 WA OV
2.3 K&
231 KGR
232 REE (KOS
24 #%
241 BRI E R OFFE
242 FEENMIZ L DEROB A F— o DZEHL
243 SefE B K OSU ARSI R 5 0%
244 S 0D ISR RS BB DR E
245 FIEFNGEI & D Hiulge~D BTk
246 AR OEARI Y — & ACERAEU ST B8
247 DA E A~ DR
248 HIROBRBE I FRA~ D BT A 1
249 HUBEPE~ DR (BRI ) )
24.10 AN RSEREORE
3. BREEAERE~D Y 2 7
4, RO BRG]
5. HERRET ST 2D TL—0T—7 JFNEC 7 L—bhT—7
6. BN E=R Y
7. BB FRRADORNE TG R OHA RTA
8. T B HRNARD T L O A KT A
9. BRETEBRIZNGEL AR D HEARE i
SE B
itk

/M1 : DENR##E42010-04 %+ (Memorandum Circular No.2010-04, June 2010)




6) FEERZSM, EREGE. ER~DOFHRAR

(7 4] EOBRETEAA Y FTIHERSMAERINTEY ., %Gt A~=27/ (Revised
Procedural Manual for DAO 2003-30, 2008) T, ERSMNE LI FOIE# 28 U CHET 5 Z & =B LT
W5,

a) JREEE (Information, Education and Communication : 1IEC) {5}

(P) EIS DFEHRD SN2 FHYMEFETIL. AR - 7 OSHE K7 a2 A & LTHL
HiA/K (Local Government Units : LGUS) DJAHZEHEIRENZ T2 Z EARD LI TN D, JRHEH
BIEENIA T — 7 RV Z— L REHAE 2R E T 5 ETORKRE 25,

b) ABR=—L Y

(P)EISIZ L D FHETORMAR a— L ZITTEN S LA ST I, EIARELZES L F
EF L DHEAMNA a— o 71T E e 3 3 :—74 NHDIERTH D, AAT—Y 7R
IR T —7 R —RFE, EMBIRE, EIAFEZES, £ L THESRR» MR IND, AR
2— t/?f@@i?%hh%@ﬁ(X:~t/7?zy7)XF)iHAﬁE@Tm?;Bﬁi
o,

C) HURAT —2 RAZ—DBNN

KIGHOD AT — 7 RV —I L EIA TIXHISEEIR, T4 R, SHB8E, £70, SERBEOHHSH:
BRI« BNTRE TOA VX Ea—HE A VA Ca—%2% T 58 L L CEERFRE
FETH D, Fo. WEBRIIHSRERE, IEC 158, =%V L V3, £7-ZFOfhosksEs
PRI AR T 5 LT L D,

d) A& (Public Hearing) DBRf#

(P) EIS DR HAL D2 TOHHL ECP FHEI L TILARES (Public Hearing) 73K Hiv 5,
IR < DICHE DRI LT B 80O ATES ’ﬁﬂf&% (Public Consultation) Bf#d
BHEMIC X DERN G - T2 HEICHFEE 1T DENR-ENB 7L AES OB GRS 5, AT
FRNCBMES AT TV, ek, EIA HEE (FEb LB CHH IN2 SiEcitfiani=F
EWREE) OAT, KUV g 03— Z L TABESHROBIETICTEROZITERY Hik
IZOWTHIREICRH T 2, £70, AS & ERFBHESFERTNCIIIRE T B 2 X MG ECREE
Btz 5 EMB 55T & LGUs (2, BREET & A A o N E 2 ARSI NN T v 112, £ L
T, HEMMHAEEL AT — 7 BV —IZEAT L, T07ERE S ECONTES L e ~n%
A9,

e) BETEAA L MEREDE

ECC/ICNC W FAT SINT=1%., BREE T B A A > MEZREIL DENR-EMB 75 LGUs & BURHEBI~HEH
S, BEEREICTEEIND, ZORE, RERSEHICK L L0 afEn Gl & -2l
=T H— FREmIND,



7 ®=HY T L
a) ®=FV 7 LFHliDERBH

PEISS TIIGETZ mEA~==27 /L (2008 ) BWT, =& VU 7 4R OFHN 4
I3 % AL, ECC & BRHUEIZ ST L 7o G363 K OV St iutel oD e 4 70 B A5 7 P 0D S it 2 Ffe
FZTHZETHD Lt SN TN D, BARRIZITLITD 4 HHE ORREZZET TN D,

e ECC TEWLNI-HIEAZMT L TD,

o IRBFEPHEE (Environmental Management Plan : EMP) %57 LT\ 5,

o EREFEHIGHENIZRIC TP L7 U CL EERORBNGEE £ 72 13583 5 K 9 7 2h iR
TR 2 FEhfi L TN D,

o HEIT L DERETEI TS LT BB PR B ORI 7R B 2 3 272 o TV D,

b) BIEEEREDREI L BE
) FEFCLLE=FVT

ECC ZHf5 L7-FHEHITFEOE=F Y V7 EMOELNRH Y HFET L OETFE=4 U TR
## (Compliance Monitoring Report : CMR) % 7% EMB [THeH 35 Z EDHIE SN TV D, BREE
BICHE SN TV D BRI R R EEEO BRI OFEMHBEIIE CE=2 Y v 7iRE#H

(Self-Monitoring Report : SMR) (ZFC#E L 4 -4 = & OBf% EMB ICH2H 95,

i)y H=FHE=FYTF—4

E=HET=41) 7 F—2 (Multi-partite Monitoring Team : MMT) 3535 OBREERI RN A 3
L. HASOHEEFE A Y3 EMB BN T 5,

FT=HX ) T F—AT ECC, FZ ECP MMLELRFHEICUERSIMNE EN L LGACFEF T
DO =2 ) o THERSINE AT — 7 RVE —OE 2 Ui e it b Wis A =X
ADVEL LT A ICERE SIS, B=Z Y v S F— 2O BRI EENILL T O L BY Th 5,

i) ECC & EMP OBLESRM D@ FIRBLORRRE
i) FEZICLZHCE=F U v S ERRRLORGE

i) FAFZAT, W OZ A IEMGRIC VBRI BIUE, 2568 & EMB ~E(RXHIER Ofer
iv) SR 2 P ERERR AR S 2 A LA 77— 7 2L & — (AT

V) EMB 75—y b &I LIERY MMT S5O & fett,

MMT (3T S ICESTFE =2 Y 7 RO iR d & (Compliance Monitoring and
Validation Report : CMVR) & 3% CMR/ISMR % %42 Hi)7 EMB FiATCHEH T2, 5 2 [A]
CMVR (1%, BREGIEMEI LR 2 04T & BRI EESE S AL TR OB TR O E B G MR AT 5
EPERE STV D,
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i) BREEEER (EMB)

BEEPRIIHEEEZOT=2 ) 7t MMT ORGEE 5 < 2RO & BEA1T 5,

MRS L oE=2 D 7 UG R ORHIlEEY 23R 7.2-7 1277

RIS

#7271 F=FV T, HUERERKOFHE
TR R
E=X U JIHE : : € : %% -
Eiﬁ; ‘5 E y LALNITL géﬁfﬁ P EMB 12 & B3 ES
A BESPRIL ECC HAEZ LD CMR He4E L D CMVR FA4E LD CER
EMP! MeE T L 0D CMR HAE T L O CMVR Me4E L 0 CER
BRESFEUE (BRBIBR | DU L D SMR TO | Y4EZ LD CMVR YeAE T L D CER
BRI THE) AR B R OV E D
& D CMR TOESFIRIL
DR
B. SRR PAET L PAEZ L B D VITTE

AR, B LWV
T2 DA LT

C. IREE G
HIZFBIT D
BHEGIED

VAN IV
OV

EMMoP2 O#HLEE Y £
A kel 2 Sk

AR, B L
TS DS LT R

PEIZHE LT (MMT &
#71)

L v KO

%5 2 [8] CMR KO 4 [a]

%5 2 @ CMVR

% 2 [ CER

BES EMB
A TR

SMR

@7k 7 7t X ~== 7L ([Revised Procedural Manual for DAO 2003-30, 2008,
=

a) FRLTEPE ] EMP) (L7 E5ERIF 7 (mpacts Management Plan) & ##24%57# (Social Development Plan)
LT EE ) AECPlan) TH# S35,

b) CMVR /224D CMRISMR 25514 L TETr

C) ETAHM#RAZ Compliance Evaluation Report - CER) /i EMB £r—X > NF—RINX & o 75 L, FHHEZ
DCMRISMR & MMT @O CMVR 755193,

d) A EMB F—4 MMT D335 S0 BE) P27 E 1T 50 & LFEZDPEEFDONMMT BEE S Thd
LFENTEMB DIEIZMMT DA 2oN—& L TRl Z1T 5, #5T—A0 EMB BEDEHEN DRI T3
PRALDNFL BN T, T EMB T-— A (S FEDOMMT DFHIEENZ NI D | BT SiLe 27— 792 I Sl 7T 9,

€) IRETHIEIZIR B I PTIF RIS | HEREREF BN U CTER S, a2 7 4% 2 75 e+
DTN L THT S,

1EMMOP : ZREFEPER M= 1 > 2 F# (Environmental Management and Monitoring Plan)

8) PEISS & JICA A R7A RO —T H— FRY 2 — L 0BG
2010 4F 4 HICHIE L7z [ERE ISR SBUE A K74 > AT, JCA A K74 ) K

RS T E—7 T— R &, 7 4] EOBECREEE, #17BIR1E/ EO EIA BhEE - oLtz Lz
AR HIE L, RRCRE TR I A SR,

722 EEHEIRDEDMOBRBEES,

AR SR D BB ERBNITFITHYRE L WA 3E03 %, PEISS (21X 17 ) ETHIE
SNT-BRBEE, S, EYEIOESTT A Z ENEEH SN WD, FEOX AT BT B, HESh
5 R ISR 72 o T2 T BRR T AR EDOHER U B ORI NE L 70 D,
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1) KFEFESE 1152 5 (Presidential Decree No.1152) 7 ¢ | [EBREErE#

(7 41 EomEEER, BERRBRERESR M VEHZHE L TR | IR FETR, BrAE)
Wy, ML LERORE, BOKEELE BARKE, —xL X —Fl%, KK EHTRORELFIN, d8
WEIICRBIT DRE, KE, KRER, BEEDEIEIC OV TRELTWD

2) KEELEE -IXIEFERESE 9275 5 (Clean Water Act, Republic Act 9275) (2004 £F)

ZDETH L LIEGE (EE, H¥E. BE FE) HOLOKEDOREERDLOTHS, HE
DD ETDOAT— 7 RV E—DENNEE L, HIOEGEE L O 720 OF A IR E S T # 2 5o#
LTCWa,

3)  KRKIGYLBSIEEFEFIEESS 8749 & (Clean Air Act of 1999, Republic Act No. 8749)

KEIGGBG I & BHNTAR 2 T8N STV 5, BEEPEHIR (T555) K OBEMEHIR (B #)H)
DOHEHT AT B TBDTND,  KEIGEWE &I 2 OIEOREEILEEIESTT D LERH 5,
EE IR 251G ED BTV A,

4) [EEIEWEEEE - 13 FERES 9003 5 (Ecological Solid Waste Management Act, Republic Act
No. 9003, 2000)

1

FETEREIE S IRETIIBIEA W= A, A T ¢ 7RO LRI,
eSS T 0 7T L& AT LT\ 5,

1, B IR ERED,

i

5)  JBYLBEIEEEE I3 RHEEESES 984 B (Pollution Control Law, Presidential Decree No. 984)

KRR E KB A M AT PEZETE BN 2 B 20 BERASOTG /KK ED @ Aol L, A, fE,
LA, BE~DEIN 8 5356 1E DENR 23 HEBR#E E > (ex-parte cease and desist orders : CDO) %
MIHER A 5% B,

6) CREZRMIEEIIKRHESEE 705 B (Forestry Reform Code/ Presidential Decree No. 705)

BOEARMIETIE, WIEZRXSy, NPT X 2 FFE 272 972 OEREMEDILR &2 TREIC S5 it
EIREFIHOMEMER B L SN TWD, EDTDITITHRABR T OFRMFIHFF I 2 Bl AR & B
IROBEARRIN 2 I T 2 L ERHDH & LTS, £z, RIS T Fpi/eE 2wk L
TeARMRORE, BTN OEIEZR & ED TN D,

723 HRREICRDEHIE L PR

1) BRI HIEHIEE

S K OFF B LRI AR 5 BIE R O T E BRI [7 ) EEE, WFETES 8974
. SEFNERES 8371 5. E7o. SERIRMHEANE, EIWKBIORTI A —7 U — FJ5Et. T OMuE
MENDERDR D D, MHEIGROIE A FANERBR L BERRO IO DO —7 T— REED TV D
B TR A R A ATLLTO@Y T D,
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a) [7.4] E#&EE (The Philippine Constitution of 1987) (1987 4F)
FHHUEUS K OFE B AR ERBIRIZ W CTOIEARTTEHHILL FOFRETED HIL TV D,
) HH3K1HE
ERTREE | AVRERRER < LT, Bl MEZIVHSND Z &30,
i) #H3FKIH
FA A PEI TN E R AHE L OMER T2 < L TALERNOT-OINH SN D Z LTy
iii) #1349
BURHFIEIZIEN R & ) LT, #iiicdsi) o BHdOE: & (12T ikt ie 7' a 77 K a5
s %, 70T LFET & BRI I 1T DFEERI8E & AR— L LV ASDIRFTSEEEE A 7 T

BIEOHHE L, BHRESORMET 2 Z L 2FfH L T\ D, I nNbD7 e s T AOFEMIZIBUNT
[EZ I3 NUPED T # DR HRBO T D,

iv) #5134 10 1

HRTER K O DEINE OJEEHEZ TR, 15 & AMEZ R L 725RI720R & L a2 2Rk LT
%o FElo, FEIOWEZR S U THTH L CHOTAIRE OBfiR 2R L T D,

b) M5 BB E I EFIERESS 7160 B (Local Government Code of 1991/ Republic Act No.7160,
1991)

#5019 T, FANIEE -7l ESRA A SR T 5 2 &R IS5 Z L 2281k L
T D, M7 ETRIRDIAFHE « Ttz BUE L. HUT BIBHIIRLE R SIS < KR o Ll
B 15% A THRET 2 Z & T, BUSEERGHER T ICHa SATE 5 ERE L T\ D, 755 3
B, FHBEASIF O E TTA MR 2D S BCHATC TIRET D,

¢) EHHBHRAEEEE-IIEFEES 7279 B (Urban Development and Housing Act : UDHA,
Republic Act N0.7279, 1992)

KB, AR RECIEERUREE OATER _E SARFTSE MG, AFHRB O FE, &Rk
DT 7R ARER EEAHE L TS, Fio, KRt RARIEZBE L, FEOZREND
DOfEHIEZ M L, B NUPED T ORI Z 588 THRITESGLN 2 iERICT D,

SRS HIRE AL T OB AR TV D,

o UM, MREX. BEEEL. WIR, KEESCAIOY (E, EEK. AR, HREAR) AKX
WIEEL T DA

o BENHERSNIZBIFOA L7 THENE SN L.

o VHIRE LIRIKOENPTE TN B S TG
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21 T RPTEE ORI ClrIt s BiGAR & [EZE57 (National Housing Authority : NHA)
MHLL &R0 | REBRT & 2 OfiR D8R8 & R 2 U CREEHIC CIROIERI) A 7 T 5%l & 12
I D LEREL TS, (@) AE, () EHEER. BOEET AT L, (€) FKEE 2%
W CiE b7 FE eI AT A, & LC(d) FESMELER & ki ~0T 7 & A,

FrZE DMOIRBEOTAL, (5, ZERIE, B, BukIfR o ¥ — e R Lk ofEdtid, Kt
o 2= oRRE L L, LGUs & PHEERAAMEeRICRTEL, FEid 5 2 L AHUEL T D,

d) A3t B e £ 7213 nERESE 8974 B (An Act to Facilitate the Acquisition of Right-of-Way/
Republic Act No. 8974) (2000 ££)

FAHIEUS Tt X TG THES 722 72 OEFEOH—HEZHE L T\ 5,

4 TETIL, FAHEBAGEO N A R7 A UREHEN TV D, A 7 THEDZDIZ ROW RFLE
ORGS0 AT, 872 SRR E BT O ERNC L T O T A R 7 A D ERUEGF
MXEITH ZEEHEL TND,

) FEMFEESIFEFRLS (Bureau of Internal Revenue : BIR) 235 A1lik% (Zonal Value) (ZHS & HE

L= AT A OF 1 HO EL 2R i & R P AL A T LA
ii) k% (Zonal Value) 23HLE KTV WS, BIR 132X HAS 60 HELARIZFDO U 7 Offi

EEDD,
i) BEFEmES SMELE L2RWEA TR, EhifkRI% 5 THOEME S HE SN A M 2 E I iTa &
ST/ N

518 : sRANH S L < 13AZHNT K 5 ML 61T DAtk S oD it

i) Mo LIRS

i) -FHE RT3 LR

i) OIS B (i

iv) RGOS

V) BRI i

Vi) HHORE S IR, AL B, ik L

9 I : JEERURER TG 2RI, (27 THFHEICL D ROW 2 BIEERURER 25T 5720,
LGUs EIEZETT (NHA) (ZRFBIFESES M OBIEAE LB L7y &, Bils L OB st 2 s 1)
LI — 2 (Lok, B, TR, REFEE) ORMEZZEMT T D, 3247 207 BRI
B O L & Fhex 2179,

e) SERBGHEREE (Indigenous Peoples’ Rights Act) (1997 )

Sl RIBHERNEI L, e RIRICE S D50, 7'v 7T A SRR L, &k 2 E—T7 00—
REHELTRY .| SEERBEOHER ZHEICHA LIREL T D, EEARBEEILTO L) T
b5,

) RIS T oM 2R (53, 11 1)
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i) BERIZED O I RGEI R A T A & FE I I T ORI & SN
(%5 3 =, b )
i) EREEICLOEEFICH LATmiE L2 TR OHER] (553 &, 7h IH)
iv)  FEIIC & & F DHER, (F R RN S A A IS RIE O B RS & SRS
HERIZEESS FRIEENLEL 2D, (B3, TcH)
v)  BRSECOMRIOMIE (553 =, 7d H)
vi) SEfERIEDNRE UToHER, ARTE, A1RICET R HEICE L CRERIRE~DOSINT HHEF,
(4 7, 16 1H)
vii) T, GAEERT S THIOESEERARE S DR B4 &=, 17 3H)
viii) R U HIOKERR, R, £ LT 7B AT D4R (B4 7, 331H)
iX) ol REEMHERE CIXEZR e RiEZ B2 (National Commission on Indigenous Peoples : NCIP)
ZaxiE L, < OBV ENTWD, FRCEER FEHIEZREERIELZ B TBG S
%1 5 (2006 4) (NCIP Administrative Order No,1, series of 2006) (ZHLE STV D HeE
Efo B HEEICEES < FriaE (The Free and Prior Informed Consent Guidelines of 2006)
Th s,

2) HEBREEOBEITEOHHERB

(7 4 ) ETIIAHESS - (ERBIRA HRIH O BUMRRRIZ 2V, 8 (RO R) 2VhE
(RIS - (ERBIR A O, AFEERA (Department of Public Works and Highways : DPWH) (2
Mz, AHBEOEEOZVMFEEEE L TUUIF RS 5, UL, FMEEE - (ERBIRIR 5 FlEZ E
HTWDHEERSIT DPWH OFATéH Y, DPWH LISAOBERSIX DPWH O FIECRVEHEBI O A T4 v
(ZhE~> TGS - (ERBRE S0 LT\ 5,

o [EFFEE/T (National Housing Authority)

o [HFE /1At (National Power Corporation)

o [EEEE/A (Transmission Corporation)

o [EFMERST (National Irrigation Administration)
o [EMIZHA (Department of Agrarian Reform)

3) FEBRMERBIERIZIND [T 4] EBEL JICATA FIA4 VR —T7 H— RRY o—
DLEER

2010 4F 4 HIZHIE U7z [EBS BB R SEE A R T4 LR, JCA TA KT7A4 ) KX
R Te—T D=L 17 ¢ EHOHRMESS R OERBIRIAR DIERE O AT 7=, JICA A
A RIA v, WRETE—7 T — N EEARITHFI L T D, JICA A R 74 2 ORI T8 —7
H—=R& 70 BB OFERBERAR D IERE O 2R 7.2-8 ICE LD D,
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73 EIAHEELEa—

AT LRT 1 580 ET IR EEDOLL FOXEL L E 2 — LT,

731 2002 4 ECC RONEIS

1999 4, LRT1 BAHMEMFEZED EIA FHEN EIS ZERT 57295 <, DENR-EMB ~&H &
T2e FD, FEEEED ECC 1L, DENRIZXL - T 2002 4£12 H 11 HIZER A &7z, UL, FER
FEhE SN0 T T8, 3 FAZD 2005 I HEWIIZF v /L STz, LRTA 1% ECC DIEE AR
L7zt DD, DUWNIIE 2007 4RI Lz,

ECCIITRtHH 2L LTHEITS NI

o HIFHIAEKR (LGUs) & BIfRIERE & i U CHAZIROBIMIE 25 T L, BisLEi%
Fhid o2 &,
o EISICEENDNLE R T XTOREFR LEREET =4 1) /B X OEHEE 2 FEii+ 5 2 &
o MEBEEMEI T 0 /T N FATRER A E BRI N ORI T r 7T A2 E T 5 2 &
o FHEOTHFF], L, EHERAZEL T, Aok [TEH, BHE, 2Ia=r—T=
yomrI A BREL, EFTHZE, ELT,
o UTOFHEEZHNITHL:
> FEICL - TBIERI SN0 D LIveWAMSCMPEDORRAME, Ak TF L ONEIRIZ L - T
RN DI OB, FHEIZ L > TROFELZ T MBI =T 1 ~OffifE L\ ol
B THID, o, NRIOFEEDT-DDOEEIETH LB R4S (Environment
Guarantee Fund) ;
> H3EE DENR, HUlOBREE NGO <° A\ A% (People’s Organization: PO) | #1757 F R4 (LGUSs) |
WL T H A a=T ¢ HGESTMTR O 2 —SDOREE N DR SNDE =3
T XN T F—AFEZFHET =X TT—0 F LT,
> BEFHE=HY 7T LOEMIEREH, FlziX, SOHE, ) R0,
BIREMFE DR, AR, EIESOKSBESE, INOE DI AN—THREE=X 1 7 e,

732 20124 ECC XUEIS

2012 FEWJEE, LRT1 ZHp0 BT i3 EIA AL, LRTA D72bR—T < f X —F v a)
JARIZ K> THE S 7z, ECC HFEICME R EREE BRI E ) R E S 41, DENR-EMB (ZHgH &4
77

ECC HiOHEH RN A% 7.3-1 127”7, EISIZDENR-EMB O EIA BEEZESIC L > THEAESINT
W5, LRTAIZ X % & LRTL B0 BT B2 ECC 1% 2012 4F 9 ARICHFITIN D HiAL L D =
& ‘/65)50
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#7131 ECCHFEERAFrYVa—1

201244 H 13 B * EPRPM % ECC #Ht57 % LRTA 75 DENR-EMB [ZH#EH &7,

+ EIAFAEZES) DENR/EMB O RFHAT TR S . ZEAXMERWGESOBNT v R
20124-5 H 8 H BT 5 X 5 LRTA (285,

» DENR/EMB (X EPRPM Tit72< EIS #2135 X 5 LRTA IZFR
201245 H 22 H o LRTA ILENMEERBHESOBME LRV LI2OWT, FRAEL ¥ —% EMB ~3%fT
201246 H12 A o EREELVZ—i3nbon, EMB L, BIER#ESZBE LW E D LRTA OZRE 77K
201246 A20 H « LRTAZEMB IZEIS Z#ZH]

(EIS (X DENR-EMB ® EIA FHFAEZESIC L W A SIND)

2012 49 H ECC 1T FE (LRTA [ IBR A E X0 H)

Mty - S
733 LRT15BUETEMBTEDEIS LAR—F (2012) L'E=2—

FHAIX EPRMP & EIS 20D 2 B —% % T Ht->7-, EIS £IZ EPRMP &R CNAE Tho7=, A
IZICA A RT A v OERBFIEITSES T EIS S BRI TRat L,

o~

EIS LHEHREHT K DFEARIZH T D525, Bk LHATA O LHFHE IOV TIEFR 7.3-2 (2, EHBHE
IZDOWTCIIR 733 ICF LD HN TV A,

EIS IEHRFHC L DBRIEE =4 U 73T A5 25, A THai A N THEPITHOWVNTIEIR
7.3-4 12, EHABEMEIZOWTIIR 735ICFEDHHN TN D,

T ) U TRERIE, B X ) T A IEXAT D LI, TEHEMTE, e Rr
A—hE LTI iz, F72. (LHBIGA. 2 1. FAEZ LI JICA IZigHEns, E=X2 U v
77— L RBEABEE D-1 IR,
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76 fHE RAP &

LRTA 201247 A FH) 3 7+ HBIOTET, BV ARFELHY v X 7EZBA L, S
WNOFEERFEFEEOBINE L Ea—T 5L biz, 4774 b7 AET RLAP (2008 42) DO~ AKX —
U A NEREET 5, F0O%. LRTA IIBIEEZISEDOEHY A ST 5 TETH D, o T,
23 & RAP FRAE A S5fiii 9™ 2 MBI\ & B 2 b,

LML, 753137 L HIZ, 2008 F- K TN 2012 “F O TENEHE] (RLAP) 1%, FEEHEFEE O
MR O ZE G L LT D, 165 T, LRTA IZFEERBEEERE DA 5T, SiEO THIFTEHOF
EH LD AT HERBIEHE (RAP) ZRETIMEND D, FEEREEE L OEEEIAH O
Fastgld o2 MLAY R~ M) 72 ((HBERD-4 2M) %, RAPIZEDH L9 LRTA &
it L7,

77 JICAREF=vZ7VAMILBLE2—

S 13, JICABREET = v 7 U A MK VEEMIRTT L, KREFENICA A RIA4 ZEmad5
X9 LRTAZ 4B LT,

JICA BEET = » 7 U A MEEA B D-5 17T,
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FEBE  HEMR
81 FiE

AECIHEFRE A 2212, LRTL B0 Y =7 MURALLFOEE IZOWCERT 5,

811 EH - ZRIBE
FER AT DDA L BN A IRIER LU0 OBz, £ 8.1-11T77,

*81-1 B - ZRIREETHEH

No. Operation or effect indicators Reason for selection

1 Passenger-km Shows railway productivity

2. | The number of trains in operation Shows service ability of train operation

3. | Workable car ratio Shows car operation efficiency

4. | Train-km Shows train service efficiency

5. Fare revenue Shows commercial merit of the project

6. Fare Box Ratio Shows profitability of the project

7. Non-railway revenue Shows potential of auxiliary business field
8. Load factor Shows profitability of the project

M G

8.1.2 HERE XUV COREMRIZIR
FERELLE L ONBER COEMRIZIRIZ,. LTRSS 4THE ThH D,
o FIEAIFHAE Mtk D AFTH
o HHEAENEFNEMER

o HHIRIHDZAL
o SLIHFLDPRD

8.13 IRZZNRN AHBHER

MSEATEAE N ERR G /HERE QICA) KRR SHR Y —/L R - SR (R 22512,
TIRAEEGRPEHHIBIC K 2R 2RI 5, AEIHASHED) D ORI OV T, UTFOIEE 23T S
No,

o HENEEIFRO IR bR FEYEH EOHITE
o BREIC XD bR FEHEH
o T RLRFEHT N T AL L HRNE
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82 EM - #hREE

#x OFRFEDOFHREIT, BEAFXH & IEMIXE 2 ETe, X ERRICERMT 5, B - DRI ORIERS

RERKB2LITTRT,

F#82-1 B - ZREERERR

No. Operation or effect indicators Actual in 2011 @ yg::;r:f(:t;:ozsel:ing)
1. Passenger-km 3,791 5,922

2. The number of trains in operation 222 258

3 Workable car ratio 76.4 95%

4. Train-km 2,787,615 5,413,006

5. Fare revenue 2,285.61 -

6. Fare Box Ratio 1.09 -

7. Non-railway revenue 157.83 -

8. Load factor 77.32 -

L : ]

83 HEVEDIZ R SEMERZhER

LRT1 B8 ey =7 ML, AFEICBOCL Ea—3Nn5, FENROEL. BFEHE 5%

(ZHEMT D, T == HiOLHRIMAE, KO T A —TF AHOHHRIHERRL A LIRS,

Environmental Performance Report and Management Plan (EPRMP) / Light Rail Transit Line 1 Cavite Extension Project (Baclaran to
Cavite) / 27 March 2012 / Submitted to: Environmental Management Bureau, Submitted by: Light Rail Transit Authority, Prepared by:

Berkaman International Inc.

8-2




M - BEf A
831 NF=x—FHIHAFEFHEX

8-3



M - BEFEEEH)
X832 TJAvbr—FRHTHFIFHRIX

LRT1 SHRFAHOBIZIL, Wi O AL S EHE S A5, FrR OBiR 280k 3~ 2 i iiE 1 D J&
WNZIE, BARAHGRO D, NESSS OSKERIAE NGNS,

8-4



BSTATION

1 e
833 HKEY 7 L AKEHMROSMIX (8 HHERER)
#8311 T/ RAYESK OISR (8 BT
Esatonal mamtuten [/ | et masmen | o | ] | sneopng um |
Lrwa |
:I'lh Vo T ooy T Ve s Lo T Beleks gl ;wlﬂh
| e . Ko
%
[ Tl [ Trmieenigos | GUs e tew ] R T
[ v Ha [ oo o bemwrany oo [F FF s o 1 T A = ]
i L [ o rois S
| mny s e ] m ol P i :M;:E:“
o . ] Er L —
0 Eapats HE ]
8 Ny 34

8-5

A - T



10 STATION

L - ST
X834 HET V7 EABEIRDOHAAR (10 Bk

#832 TIUEBAHUENPROILSMEER (10 BRETFREF)

s ]
Y s e w
R e
- T = T O — |
== I ] T () 1
[y L
i L=
£

- - - %W

T Loe Pl L

= =
e

B e

[ ]

8-6



10 BROETRRIRF OSRIER AN EHI O fFERN R 23R 8.3-3 1R d, AEMIX AR ER 30 7 ALL B~
AR SN D,

%833 SREFIANMEHSAREDIER (10 BRETRRE)

No. Station Population of Beneficiaries (Pop.)

1 Redemptorist 10,666

2 MIA 13,105

3 Asia World 38,049

4 Ninoy Aquino 18,512

5 Dr. Santos 37,324

6 Manuyo Uno 21,415

7 Las Pinas 42,345

8 Zapote 36,913

9 Talaba 52,059

10 Niyog 32,712

Total 303,097

L ]

XN TILEAZE L 70D LRTL SffE, —ii7eth FAS@iERI L 0 b 22 Th 5, JEHXH
LB AT BIRHE I 2 5 ATV D, V~7*~ FORIAZET, WOTHEZTH, HIHEFORED

HFHTIERS D, T A, BB ORI AS@ I DD IS L iR &S D,

4 835 (3. A Fu~v=T (IR HERKZBES L, EESELZLOTHD, il
TEREANHNLON, V=T == I A GEL) D 10%. AFF (Al D 9%, WiHdD 8%
ZEDTND,

/4 : Study team referring as “Metro Manila Accident Recording and Analysis System (MMRAS), Traffic
Accident Report January to December 2011, Produced by the Road Safety Unit (RSU), Traffic and
Transport Management Office (TTMO), and Metropolitan Manila development Authority (MMDA)”” & %
EIZFHE Ik

835 X hMuv=FIlkif2EREESA (EfESE)
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X 83-6 I%, A hr~v=TCBI} DB BEFENIEE, OB L0 Thd, 7Y U BREM
ON, TAE—FRIANFF GEL) D 2%, ANFFEK (A O 3%, PHEFKRD 4% % 5H T
b [FERIZNT = v — I ATl BEL) O 5%, ANFFi (A O 6%, MHEFKRD 5%% 5D

TWo,

/4 : Study team referring as “Metro Manila Accident Recording and Analysis System (MMRAS), Traffic
Accident Report January to December 2011, Produced by the Road Safety Unit (RSU), Traffic and
Transport Management Office (TTMO), and Metropolitan Manila development Authority (MMDA)” & &

E BTN Ek
X836 A bMrv=FTBITHEREESEE HURSE)

8.3-7 I, NCR (EHTEE) & v 7roEEatEottsz 3, 1T ANgEzK (Al o
RN E VRS A A9 5, HREBNZEH XN - 0 BT OSHIEERI TR 0TV 70,

MH#2 - “Annual Statistics data for disaster, accident and incident on trunk roads, DPWH Planning Services ” &
b LSBT Bk
X 83-7 NCR (B#EE) &UETOERESASOLE: (2005 42-2011 4F)

FEED 35D 7T 7%, NCR (BHEE) ITNET AT AL —FRENRT =y —4 FLTHETHEDRN
X OB EL O AE R LTS, L LA Y AT ERAIRRM & 137> TR, £7- LRTL 543
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PRI &, “HREOR MO HFE OB P CH 5, ¥ — 7 =—DHEWEIHD OH T, 23T
PRIER & 72 %,

#8.3-4 1%, HUT 4 FERITHRA LT LRTL BRROF S A /R LT\ D, MHEFSIIRAEL CWDH, H3EE

B o ANHHlg GEC, EE) (ISR ST,

#83-4 LRTL SEfemEE (2008 £—2011 4F)
2011
9-Ma Damaged door at LRV 1053 Incident occurred while a 1st generation train set being towed by unimog from
y during depot maneuvering depot track 4 on its route to the washing plant.
No traction of index # 14 at UN Commptlon of passengers at.pla.tfor.m.of UN Ave. sj[atlon southl?ound during the
28-Mar Ave. Station (Southbound) unloading process, thus making it difficult for the High Speed Line (HSL)
' technician in detecting thee activated doors in LRV 1017.
Incident Crossover # 17 at LRV 1236 which was on the way to the reversing track from platform #2 of

18-Feb Roosevelt Station Roosevelt Station came into contact and side swept LRV 1015 (which was leaving
the reversing area and going to Platform # 1 of Roosevelt Station southbound.

2010
Train index 10 which was proceeding from the temporary reversing track 2 of

24-Jun Accident at Balintawak Station | Balintawak bumped train index 25 which was then parked at platform 1 of
Balintawak Station.

Overhead catenary messenger Sparking of a portion of the overhead catenary wire between G. Puyat and Libertad
15-Feb wire detached between Gil Puyat | Stations Southbound direction (track 1).
-Libertad track 1.
2008
1-Se Forceably opening of flap Flap window was forcibly opened at Vito Cruz northbound by a certain Ronaldo
P window Romero of Caloocan City.

AL - LRTA

ZDOX DI, LRT1 Fpraf 7 v v =7 ML 23S0 FHBN I IR 0D, ZDA >~
27 MIRER EHERI SN D,

8.4 REFEFIRN AHNKEDHER

MNTATEOE NERE W 1HE QICA) KUREZSEIRE R 8 — /L FRFIR < #iR (B 25512,
TR bR FEPEHENEIC X AR AT D, ISR AN R OHEE R A 84-1 1TRd, =
D7V MIREFEN AHREE RGBS bD, T bR EYEHEEE IR < (ST 5,

K841 IRZRNRA R BIRRHEE HE R
7 (CO, |14
Items 2015 2020 2025 2030 2035
Base Line 16,988,561 18,139,451 18,970,290 19,545,735 19,988,634
Project Conversion from PUJ 1,578,816 1,685,773 1,762,987 1,816,465 1,857,626
Increasing 376,152 811,491 940,680 1,038,624 1,118,842
Reduction of CO, emission 15,033,593 15,642,187 16,266,623 16,690,646 17,012,167

A1l JTT TEGEN BRI 0 (ICA)  SURZEBIXIR X —/ FRFUR « WK (B & 25120 ek
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85 EIRR&FIRR (FRyFHAEHL)

851 EFHIT

FEET, @R 30 FMOFZEHR IO 2REE M L ER L T2 2 21Tk o T, B
FINERIER=R (EIRR) ZHERE L. #ErEaaHilid 2,

1) HiE L RS
a) Hik

FEIT, BN A S U CRE MR I OB S @ik L T A T U, BT iE o &
PEFIEOBLR TR S L5, REFE T, W OEEE, By, FEOMERIEE T DI S D,

b) RS L e HRFEFEROEE

FEORFHERIL, FHEIERT 2 HmAETTEH VOC (Vehicle Operation Costs) & Sk TR A
TTC (Travel Time Costs) DEIBIC LV EFET D, HaRITEHARIEE & L, e B 2 HE
HTEAHEA L L, WEEETHORRICBITAFEDHY « 2 Laikd 5 2 & THEEHT 5,

o LRT FIHZE{HLE : LRT OIEMXEOFIH GERAZED G LRT FIIHA~D 7 1) 12X HH
EATE & A THRETAI R FH O BRI K D182,

o LRT1 SAREIFEOEEFIHE LS « LRTL S#RRIEEDASBEHHFEFNC & Dt T om) k&
ZAUTHE D BMETE H OHIRIC X D18,

o ALIRFEDHIBIC X DA - JEKAGEND LRT I~ 7 L7z Z L IC K DEK Lo
HEOHRBI Y 5 "I LISERITRUC X DL,

FHHET, R HEGRA~OHRR, REOPENER B, QEFROBD 72 L ERLLUIMIREGE
FOEREART D, L LARRG, ZHOMERIT, HIET D Z L TE THRERZHEEIEIC
IR DMR38 D AREDEE LV, £ DT ORI FEERI R B IZHIR S 4L, B A ROoH)
Fehti 4D,

) TR LR OEFEMADER

RET L, FEEROZDOMY—EADOMINT & L TERSND, FEORFIA LT
BDI0IT, YOS, R, MERREE RS R BT 2 MR D D, T4 ) BB
FOMEDHFET 4 —V YT 4 ZAFT 412K D E NEDAIZLL FOHIEIC X HEMAEID TV D,

o FRISEFMELESE (SCF : Standard Conversion Factor) : F%E FITIEE & SCF 25 U
THEFE NS, JICARADB OiED a7 MIIBUWT, SCF Ofiié LT 0.83 232
INTW5, HAHEEEZERS F3EET, SCF 2/ L TAH#T 5,

d) FDfDRHRSE

o MM . EH, KBV Y= FOFMAFHFITR EOHEFE AT 213 50 40
5 60 FIT7R D, — I T, IR FEMIMNL, £ < ORUHEA ST LV 30 44
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1% THMREIIC 72 0 BRI AME N EE S 72 5720 WERR IR L v b ECRESN D, &K
FHASIC VT A EEEHAMIIL 2013 FE0 6 2044 FE0> 32 4R (HEERHAM O 4 FEM A2 ETe) & ER
T2,

o HEHEIIR  BAROMEER L LT, FR 15% 2 tSEIR R E LU THEE,

o HFRL—b 1 R =43V 1Y = 181 M (LRT2 B8Rt i & FR)

2) REFEH
a) HXE BFREAL-EHIR)

FEBOFMIME TR SN TN D, K 85-1 ICMBE M LRFRAOMEEL 2N TIURT,
HORR R I 2,111 {78,882 1Y TIAESE 0 83%I M 3%,

#8511 MBEALREEA

100 T

Year Financial Costs Economic Costs
2013 25,918.05 21,511.98
2014 31,263.39 25,948.61
2015 29,203.94 24,239.27
2016 29,189.70 24,227.45
2025 23,721.47 19,688.82
2026 31,821.01 26,412.19
2027 43,148.42 35,813.19
2035 2,722.94 2,260.04
2036 11,886.84 9,866.08
2037 25,013.24 20,760.99
2038 554.47 460.21
Total 254,444.37 211,188.82
L - AT

b) HeFEHEM
LRT1 SHREM X R OMERFE R I3 852 ITR”T L B Th 5, MEEFEHE T OHE SRR
Mz CRET SIS,

#8522 FEHEIZRIT S LRTL SR DR S HE
B 100 7

Year Financial Costs Economic Costs
2015 1,604.65 1,331.86
2020 4,942.23 4,102.05
2025 6,533.00 5,422.39
2030 7,759.16 6,440.10
2035 10,11841 8,398.28
AL : T

8-11



3) EFHGER

a) HEEEITEM (VOC : Vehicle Operating Cost)

FRAEA T OB

AR BT =7 MBI 5 ERRFERD 1 D THD, & 85-3 [

PRI D EIET R A7 d, HEMETTH I B RS IRMEORRAN SRS (R & L TIRTE 5 L 91
B EITHRE OB E L TH-> T\ 5,

#853 HEMETEM (2010 4F)
i N T (G#) % F X — pL
Ave. Speed (km/h) LRT Jeepney Private Car

20 10.91 12.01

25 10.36 1141

30 9.38 10.45
32.8 157

40 8.29 9.25

50 7.85 8.65

60 7.74 8.29

b) EMMifE (VOT : Value of Time)

JRATHFHIE: FH OFCE |

[ \RT 2 BREEN 7 i i &

RGBT Y 7 MBI 5 BEERREEIRD 1 D Th D, F 854 1T

GFERRAT (SPAHAL) RERZ EIHE SHICBUEDKRRIMEZ R, ZHuc XD & LRT AHIEO

R L > — 7 =—

IZHEREWE R L 72TV D,

F 854  REEMIE (2013 4F)
Mode LRT Private Car Jeepney
Peso/Min. 161 1.85 1.09
Peso/Hour 96.7 1111 65.5
L G
) R
TR FEHEH RO TR TR E HRFFL TV D, AROHTTIE,  TLRT2 SRRIE(HEHE

YA ) 2251
d) BFEFEROHERT
sl OETE R,

TN e S 4

8-12

. 2010 4Ffit% T 829 XV LERIE LTz,

ESIDRAY AL T oang B

JiA TR

RS L O Bt DBl 2 VT, FHEOH D5 L WE O E
ITREEE, TR 2 2GRTEE THICHR M U, SEFEMIC X A ETE A,
Hl 2220 flzg & UCHRIE L7z, & 85-5 ICFEAEIC
EFLED 60% % DTV D,

ZFIRFED
2030 £ i, fik



# 855 EEFEIZRITBFELR

i N E
2020 3,912.88 13,716.31 22,172.80 39,801.99
2025 4,454.50 31,958.57 23,057.94 59,471.01
2030 5,496.95 38,971.35 23,658.99 68,127.29
M - T

4) RFER - FROF¥ vy 27u—¢ EIRR

# 85-6 |2 TREDORICHZEMIMICRBIT 2FEA - (H8DF v v =7 m—L EIRR (FBRFIPIBIN
53) AT, NEDA OFHIFEEIZ LD &, 74 V) B0 CIIF2EORFII R T Al Ret: 2 Hlr4 2 KLuE
fEIX EIRR15% CTdh 5, HESNIZEIRR 1X309% Th 0 . BRFHIRRS CEEARERFETHDH 2 L
PREINT,
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#856 REEA- -FREOFYYI2TH—
L A=Y
Year Capital Cost O&M Cost Economic Benefit Net Cash Flow
1 2013 21,511.98 0.00 -21,511.98
2 2014 25,948.61 0.00 -25,948.61
3 2015 24,239.27 1,331.86 6,121.48 -19,449.65
4 2016 24,227.45 2,939.73 30,804.49 3,637.31
5 2017 0.00 3,230.31 32,254.04 29,023.73
6 2018 0.00 3,520.89 34,024.38 30,503.48
7 2019 0.00 3,811.47 36,209.23 32,397.76
8 2020 0.00 4,102.05 39,801.99 35,699.94
9 2021 0.00 4,366.12 43,050.10 38,683.98
10 2022 0.00 4,630.19 47,222.08 42,591.89
11 2023 0.00 4,894.26 52,709.46 47,815.21
12 2024 0.00 5,158.32 56,923.19 51,764.86
13 2025 19,688.82 5,422.39 59,471.01 34,359.80
14 2026 26,412.19 5,625.93 60,982.33 28,944.20
15 2027 35,813.19 5,829.48 62,544.28 20,901.61
16 2028 0.00 6,033.02 64,156.44 58,123.42
17 2029 0.00 6,236.56 65,817.74 59,581.18
18 2030 0.00 6,440.10 68,127.29 61,687.19
19 2031 0.00 6,831.74 69,730.03 62,898.30
20 2032 0.00 7,223.37 71,358.53 64,135.16
21 2033 0.00 7,615.01 73,003.81 65,388.80
22 2034 0.00 8,006.64 74,653.10 66,646.46
23 2035 2,260.04 8,398.28 76,743.88 66,085.56
24 2036 9,866.08 8,713.53 78,126.42 59,546.82
25 2037 20,760.99 9,028.77 79,395.30 49,605.54
26 2038 460.21 9,344.02 80,476.98 70,672.75
27 2039 0.00 9,659.27 81,253.28 71,594.01
28 2040 0.00 9,974.52 81,523.29 71,548.77
29 2041 0.00 10,348.94 81,322.21 70,973.28
30 2042 0.00 10,723.35 83,316.41 72,593.05
31 2043 0.00 11,097.77 85,380.66 74,282.89
32 2044 0.00 11,472.18 87,517.41 76,045.22
211,188.82 202,010.08 1,864,020.82 30.92%
AL : AT
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5) REELHT

He SN FEE-CHERE TR O B, HAWIT PRI SN AS@EZE ORI LE © BRSO/
M EIRRIZED X 9 72508 % RAF T IOV TRE ST 21T o 72 JREHTIX NEDA O ICC S
Fhix « A NI HEE I TWA Tt U A2 x4T-o7,

o U 1:10%., 20%DFEHEEOEIN
o U I:10%. 20%DIELE DD
o VUL N :FUALE N OHAEHE

B LS OBV L DR ST ORE R A F 85-7 |, EHD 20%H (B 1.2 %) BLOM#EIED
20%IF (NR—Z A —ZD 80%) Dbk LW —RIZEBWT S EIRR 728 16%% F[A1V) | B2 RFHIICHE
JER[RETH D Z L RSN,

#8577 HER L FERITRDBEDNT

.. . Cost Increase
Changing in Cost &Benefit
Base (0%0) 10% Up 20% Up
Base (0%) 30.92% 28.38% 26.19%
Benefit Decrease 10% Down 28.12% 25.74% 23.67%
20% Down 25.19% 22.96% 21.02%

[ ]

852 JAESHT

LRT ZEMEE DM B O S TE A FRER PPP A F— ADMFNIB W T HEEIC/R 5, LRT ©
FEMM A RUICE ] SN GEEIA L HEINAN) & L, FIRR 2439 %, FIRR OHEEHED L
NN LY R EATMHOEHAH LR - T BEEXLND, T, BEHENADOF v v =
Z7a—|ZOWNWTHaRT,

1) RS
a) A
3 85-8 (TR AIE, TEEIA & AN DS S D,

o TEEIA : EEINAIIFTFETHIORE A2 B THERT,
. %WA HEI AT IRAE DS IR & E COFH 2 B35 I TTEFINAD 5% % 487E,

# 858 FEHEIZRBIFTAMA

BN
Year Revenue
2020 8,456.55
2025 11,787.04
2030 16,010.58
2035 21,412.02
AL - G
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b) Z&H
IR 859 LF 8510 T RT LBV, Bk A N EHERFEHENLER IS,

#859 EFRaRb

L A=Y e
Year Expense
2013 25,918.05
2014 31,263.39
2015 29,203.94
2016 29,189.70
2025 23,721.47
2026 31,821.91
2027 43,148.42
2035 2,722.94
2036 11,886.84
2037 25,013.24
2038 554.47
Total 254,444.37
1 - T
#8510 FEFITRIS DHEREEHE
L =P
Year Revenue
2020 4,942.23
2025 6,533.00
2030 7,759.16
2035 10,11841
1 - ]

C) FDHDBIHRSfE

o FEEMIM . FEMIRNIRE AT ORHESM: L [F U C, 2013 4E005 2044 HEETE L, 4 4R
DRI A ETe 2 4ER L 55,

o ZFEL—b 11 K =433V 1Y =181 M (LRT2 SHRE{HEHE AR & [FhE)

o Bi: 74V ENNCBITLMIMEER (VAT) 12%%4ME5y E NSOl GIZ#EHAd 5, 4+
BT DEABLUT AT OXIGRA &35,

o AL Tl —av AT L—a AISTORENET D,

2 FABEN

a. AiEl, JICA TR L7- Equity IRR OH#EEH T, IFC OBEIfi> GEE YV AT L& FH5.0%
TEASETWER, ZUIA 7L 05%EETHDOTHY . NEDA 3588 7- BRI
FIEFER05% THDHZ ENHEIALZDOT, BETHHENEC,
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b. EREDOEEICHN, IRR HERHORHESRMZ LT O L 9 ICHEE L7z,

b LA 7 4 U VB (JICA-ODA & Z UL A BFRE) DORE ZBR\T-%8
35%. fEA®65% LIHET D (ZHETO/REED)

b.2.PPP FHE|ZH\ T, FHEMRDIEANFERINEGE S5 ATREMEIC OW T LTI 720 o
T, BUMEEIE, SFIEFANEOMFIREIZR LT 30% DA 1ET 5, (ZETO
o)

b.3.IFC OERICTIX 45% DA > 7 LEELTEY, 74 U EVEIRFINIT I ERHEE Lz
4 B IRRIZEASNTHEDOKRTZIT> TWVDHD T, ZIUEIRZADET, 22 Th 45%
DA T VEBELIEGREN—R « r—ALT 5,

b.4.LRT OFEMHEIIHIERE,  (11.0+1.0x FIHEERE XY Z{EL., Zivgk IFC OAUE & [A]
U< FEEFEFR 05% T L9 5,

b5.2vtyar s 7 4—& L TEENAD 206%EZMETDH (ZNETHEY) , Fim, F

ICEBEEATH D LT 5,

b.6. ZNE T, FAEMFREEZ v v o 70— @R CHERFCE A8 TMICEb L, =
v a VR TIRHC RN BRATEEELY 5 &\ ) RIFEC, Equity-IRR Z4fE5F L CX
T2, I TIHSEOHNBR O EICRET 2 b0 L A7 LT, BE%E (Equity) &Fi
FlEHFREZ )L LT, Equity-IRR 23k 5,

c. EFRROFKfER—Ar—2 L LT, Equity-IRR 232 & 7.12% & 725, ZaEFDNCHE A,
RO AL ST D &L Equity-IRR 1R D X 9128 T 5,

c.LIE NGB & 24E R 5 & Equity-IRR 1£.9.79% & 725,

C2.A4 7 LEBB LRV, FEN—AD Equity-IRR 13-3.02% T, 1EAFEB 2 0RT- 56
TH-2.64%Th D,

C3A4ANR—ATHEALE TN TEREITHAANT, HOEALER 100% L9 5 &,
Equity-IRR 1% 6.11%., Fif3Bisalz T 8.15% & 720 | A CEARLHE 35% DA L0 HIK T
D, LinL, A7 LEBELRWGAITIE, Equity-IRR 1% 2.39%, PHSBiabroBa1%
350% & 72 %,
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E-IRR=9.79%

Corporate fax sxempion

E-IRR=-2.64%

Corporale exemplion

Base Case
Equity IRR=
T.12%

E-IRR=-3.02

E-IRR=-6.11%

E-IRR=2.39%

Corporate tax edemption

d. #i
ERORECHI BIRY | Equity-IRR IHE< | RFIEAZEAT S ORI C 5 2 HIHE S 5
4G, T - Bl - ORI CIIBOR R 15Tl | RABEHH U ORI
FHEEDLFT 572 L, PPP A% — ADRE LASBEL /257,
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F 9 E
AFC (Automatic Fare Collection) > AT /L




#OE  AFC (Automatic FareCoallection) ' ZX A

AKEFETIX, AFC (Automatic Fare Collection) (ZRHT A& D RIREME. HABEDOSZAEA, BLO
STEP 1 — > Z HWWCEBHEA X — L7 EORENFIZ OV T T %, DOTC i% AFC 2 A7 A
[ZOWT PPP R COFEEZ BT LTS, JCA F—AIX STEP n—2 & PPP A& 7= 072
DOFFIZHONWT DOTC S Lz, LLANRS PPPE X —DW Db &2, Folisek L= DOTC
DT 4=V VT (- AZT 4 (i) 12 XU, AFC VAT AEPPPIZ L » Tl 5 Z &7 -
TW5, ZNEZITT DOTC ITHTE. PPP FRUZ LD AFC 3 A7 LAOFRELZ MG L TWDA, F0D
RV 2 — ) VIRETH D,

9.1 AFC VAT ADHE

LRT @ 1 5#%, 2 5#R. B L OYMRT 3 BRROBIE Y — FNOFE S AT AFIHAFER 28 E T
% HERE b —EROUF I, SO R EDT-DITHIE L= 10> T Y . mEEoREE
2725 TN D, T T — A%, IHROIEIRY AT AOTFER R HUZ DWW TN T O X 9 7eik
BriTolz, () BRI — REGRERITE 2 CIEEAE IC 1 — REAR OB A, (i) $hEoiE THE
FMCEEOREREZITOZ VT VT e NI R« VAT AOEAN, BIO (iii) STEPr—2%FIH L
7= PPP A — L DFIH,

9.11 AFC v RT AEADHIHR

AFC v AT LOXG L 72 DEROBUT IR TST R (T4 3 TTHHIER & D 13 /& &t L 5# L 2
BRCHTERER TED 13 A BT 45 Tho, AIFIREAGEIL, 27 AIC 3 DORE,
ThRbbE A Ea—F « 27 4 (Sation Computer System) | = Ea—# - 25 4 (Line
Computer System) , LUV YTV S - A"y A « AT L4 (Centrd Clearing House System) 128 -
THERK SN D, ZOREREXIR LTz K911 Thod,



X 9.1-1 AFC v RF ADLEM

912 <=7+ AMaAFC VAT ADEVRRAET )V

JCA A X T 4 — « F—IAid, 158 2 5HB L3 B#rD AFC A7 L% JCA @D STEP n—
EFIRA U CHEET 2IRE 21T o7z, SHBROEMFET DR/ 5720, HEEOHAFRIZHWS hk
VT VT e NI RE ZODWMY AT DERET DML TEATHI ENEE LV, KEDHE
ERm~=7 « A bazfHLTEY ., 20X RFHARI T T, $hERe T AT L&A LT85
EATHILE, VAT L XU —OFERMFIINADMERSH D, ~=T + A adO7J~A R
BIZZEIC J1— R« VAT A, BB SN DORGE L AT 87 4 U AR TER ST L —D2DF
ST A THAH, (K91-2)



X912 ICH— FREDOEIRRET )V

9.1.3 FEEOHEBIZE SN -LFL.ODF — N EOHE

JCA F— A%, FEEOHEEITHESNT, Lo EEY— 1 (Automatic Gate AG) DBk %
AR L, (F91D AEV— NUAEHOREEDRILE L THW=OE, HEFFHCTRBERIOH -
2. L EROE— 7RO 1R 720 O - T SBROFEHEFECTH D, 2B OHEHIHT--T
1% Z DL EBOMNER (BT — D7 — NS ICH— RO — MIUTEE L= BE OIEEIS)
Z WA LTe, BT — RNAEHWDLBIED 7 — ML, 1543281, 2 58229 A, 3
FRRATL BDOEE 128 B 72> TV D,
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9.14 AFC v AT AEANIMELREFORE

# 9.1-1 OHES — MEOHEEHI SN T, AFC VAT AOEAEHZEE L-AERIZUL T L B
WCThsb, (F91-2)

o A MEEICHIA L7 — MUIBREEO SO TH 0 FEROFFIL ORI Z T iA A T2
VW, A= AT 4 VD IC T — FOBEE — M IZER T A TH D, ICHT— FOHH)
F=h e LT RALG LZT7 Y v =R WSS 7 — OB TE M e 2203,
BRI D72 < THT,

o HENV— FOXMEHIT, BEOTHE—Z ISV THEIHLTEBY ., FROEESTT v b
7 &= LDORERIZOWTITZE L TOR, BB — bOBiE, FERDSED 0 AR LI
bIEFT %,

#0912 AFC VAT AEAOERE

57 Stations | | rounded | | 44 Stations |
AG Turnstile Type 511gates procuring by the proportion of Entry Type X 5/13+Exit Type X 5/13 +ReversibleType X 3/13
2004692308 2,010,000,000 1,545,692,308
TOM |4equipments1stations 228 176
570000000 570,000,000 440,000,000
SCS |57 Stations
330600000 330,000,000 255,200,000
LCS 3 Lines
17400000 20,000,000 17,400,000
CCHS |1 system for 3 lines
400000000 400,000,000 400,000,000
3,330,000,000 2,658,292,308
|Equipment Breakdown Yen remarks |
Equipment Cost 3,330,000,000
AG. TOM, SCS, LCS, CCHC
3 TIM is NOT included supposing the manual sales of the ticket.
Initial Contactless Card 195,000,000 |SVC:150 yen X 500000 cards = SJT:80 yen X 1500000 cards
Spare 154,000,000
Warranty’'s Cost 87,000,000
Training Cost 100,000,000
Testing and Commissioning 285,000,000
System Design and Software Dev't 450,000,000 |CCHC, SCS. LCS
Project Management Cost 100,000,000
Marketing and Documentation 50,000,000
Installation 285,000,000
total 5,036,000,000

AG: Automatic Gate

TOM: Ticket Office Machine

SCS Sation Computer System

LCS Line Computer

CCHS Central Clearing House System
SVC: Sored Value Card

SIT: Sngle Journey Ticket



92 HAARPEZEORELDL

921 ARDAFC VAT L« Xy F—

1970 FEAEDARE. AARDIE & A E DI HTASEHERT AFC 3 2T AEEA LT-7-. HADKZAL 2 —
X AFC v AT ADOBNKRERAZZEFE L TR Y | M COBEBAFEEFFOXUZ—H %0, LLFORIL,
HARD AFC S 2T I« N F— LN OBA S G & £ & D12 b D Th 5.

3% 9.2-1 Japanese|nvestorson Automatic Fare Collection

AFC Vendor Sysem Integrator Clearinghouse Oper ator
NIPPON SIGNAL NTT DATA PASMO

OMRON HITACHI JR EAST etc.

TOSHIBA TOSHIBA etc.

3 9.2-2 Examplesof Oversea AFC Experience of Japanese Investors

Company ‘ Track record
NIPPON SIGNAL Chennai (India), etc.
OMRON Kaoshiung (Taiwan)
Beijing (China), etc.
NTT DATA Vietnam
Mebourne (Austrdia), etc.
TOSHIBA Daegu (South Korea)

922 HADAFC VAT A « RUZ—IxT B, ¥ Ea—FER

JCA REZT 4 « FT—AlL, END AFC XU H—L VAT L« £ T 7 L—FHFEITH L TA v ¥
Ea—%E L7z, 1% Ea—RpHIRESNZMEIZLLTOEEY ThbH, (1) AFC A7 AjfieE
RFOIHE O3, (2) AAD AFC N X —OEANHHERNME, (3) HEN S —FOL b7 ¢ v MlfE,
(4) ~=TFIZBIFTD AFC VAT LHEDA 8T 47,

1) AFC VAT LFHERFOIE R D5 HE
AFC OFfiER LONEARKFEIL, LLTOMN-SO LT Y —I2505h0M 5,

a AFC (HEhEMIS) v AT A

o N—RU=THE . HAZ~A XY
o V7 MU =T B

b. 7T VT e INTR e VAT A

o N—RUTHE - WARLZ~ A iy
o VT N =T BHRENY

JCA 1 — > LHAE T PPP AF—LD T T, AFC VAT L EFHET DA, iER OB
X, IROBEEN BN ONDIIHBEL TEZAMENRH D, £ AFCUVATLETZ YT VT ey



A o VAT A, ENEXVMSLCHE - BRRTHZ LN TE D, ZUT VLT « N ADOFE « BI%
TN RO =T Y7 N =T T EMTEL, 72 VT VT N AD/N— KR =
TR, N EmADN O SIS, ZAUTK LT AFC VAT LADO/N— Ry =T E Y 7 b
U= TEE. RS LTEZDNENRG S, TOMEIL. AFC AT LD Y 7 N7 = T EA DRFE
DN— R = TEHNIRESKTFEL TODNETH D, 2O ST EEDO FIENRE 2 Hivd,

o 1R
JCA 1 —> : AFC ¥ AT ADFHE - BA%E
PPP: 7 UT UL « N ADFE - Bi%

° %27%
JCA —2 : AFC VAT ADREE - BIEE T VT VT« NT R« VAT LD Y 7 N7 =7 B
PPP: 7 UT VLT « NTRA« VAT AD/N— R = 7 i

o IR
JCA B—2 : AFC VAT LADFEE - B E 7 VT VT« NT R « VAT LO/~N— R = T iz
PPP: 7 UT VLT e INTAR« ATADY T h =T B

2)  BAR®D AFC X Z—DOEHRHHEN M

A 1C 7 — ROTFEREFIEREL LT, TypeA (MIFARE) | TypeB. 8L 07 = U 7 (FdiCa)
Db, 74V v 7 A06A% Lz MIFARE (X, EEHFE (1SO/IEC 14443 TypeA) & L TRESH
TEO., HRTRLILLS & U-FEEMALIC H— ROBKIC/>T\5, Type Bid, £ ha—F4k
DBAFE L2 b 0T, B2 UL EERM (1SO/IEC 14443 TypeB) (272> T\ 5, ZAUCKHLTTZ =V
71 (1ISO 18092) (%, Sony #-m3BH¥E A T8 L7- B T, AASEHROZLZEIC — R TR ST\,

PLED 3 o0HH&IE, FFRAIIZIZ NFC (Near Fidd Communication) BA&ICHET 5 LD & TSN
Do ZORPTT = U BE, WEHEER G - &b, Ty v a7 V—RKe EOZEO MR
JGTHZENTES,  (MIFARE OA&ZEHEE 106kbps (2% LT 7 = U I OfmiEHE 1 212kbps & 72>
TW5b, ) ZIUFIEL OREPIRO/NS 2R E2HAT 5, HROH FEROFRO MTR T, 7=V
B ERHTHEHIZZ>TWD, 72U B ICTF v/ d, TNEMENOS & CPU Z#NE L TEY ., &
BOBHEZ L O — NIZEET LN TE D, 2L 2XT7 =V B IC — RIS OT 7Y r—
varkA A=)V LT, 1HOH— R TREAIZ Suica, /NARFERICEdy & LCRIAT2 2 &n
T&%, 7= UL, &7 7V r—ya rOfFREtoT 7 r—a L KRIILCHEIY 5, 7=
U7« 1—RIZOEHITEHETH D720 LS 720 OB EV Y, HARDI— R IC R Z—Id,
7 = U 1 & MIFARE ORI KON A5 ORSITREER 2 Ff > T b,

3 HEW'—bDL hr7 4y bSUEIZOWT

HEZ—hoL ha 7 gy "NE LT, BEFORK T — R « VA7 LAOHBE — FOFERE —
AT 4 WAy 25 LT — Ra B0 S0 7200 e 5 20 D IEREAEL IC U ANVEZ D H DT
bh, ZORE, AV DT NDF— FDERL Z— 2T ¢ VB & B IC 1 — RO &
Oz ket U CTEMERZRIET 2 Y 7 MU = TBUEMEEN NN 72 5, (BIRE X — 2 AT 4 VY
IEE T2V T, BBV — NERE T 5139 NEAXINRITE VDS Ly,



4) ~=F1ZBITDAFC VAT LAEEDA VT 4T

HARDR U B —5403 05 == F12B1F 5 AFC ¥ AT LFEICHOWTEWBEOOER Sz, HA
DR H—%, TypeA (MIFARE) | TypeB, BL U7 = U B OKILEITHIE L TNDB, L a7 1 v
N EEEHIRED XD A D TR0, HARHIEALMEZ B L 72T, AU 0 A % JIlr S YE &
BHINGEORR0 FIZx L TERT 2B AR ST,

93 AT v/ -u—rERERALEAFC VAT AFIEICHET 8RR

FHEF— AT, AFC VAT AOBEETEAXF—L L L TAT v » a—U %2ZE L TW\5, DOTC
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AT T e =N KB EINT- VAT LOFTEHRHEL DOTC 23MEA L, PPP 35 130 M2 B
BT HL0EEET S,
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TRIZ, FEPEOT e Y27 NMERORKTHD, AT v~ a—rOmEMAIcE Y, &2 T% PPP
AX— LN TCTHHET D8I 1 &g U CEMEHENED END Z bbb, S 61, BUFICEDT
NRATEVT 4« A FafE) PPP AF—AICBW T, MM 48 U= BUFaHENERI S h
5HDTIH2WRIZITEEDRLETH S,
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#0931 Fudxs FEFHOLBLS]

Project Costs Option1 Option2 Option3 Option4
PPP STEP STEP HwortcH) STEP (G,
+PPP 0am) +PPP gy
Investment Cost - $18.31M $ 0.80M $15.11M
STEpP Interest - $ 16.31M $0.71M $13.46M
Cost Commitment Charge - $ 0.03M $ 0.00M $0.02M
TTL = $34.65M $1.51M $28.59M
Investment Cost $ 18.31M - $17.51M $3.20M
Availability PPP Start-up Cost $ 3.23M $2.50M $ 3.20M $2.63M
PYMENt interest, Dividend, $19.82M $2.30M $19.05M $.5.36
PPP etc.

S O&M costs $ 27.75M $ 27.75M $ 27.75M $ 27.75M
PPP Operating costs $ 1.90M $ 1.90M $ 1.90M $ 1.90M
TTL $71.01M  $34.45M $69.41M $40.84M
Total Government Contribution $71.01M  $ 69.10M $ 70.93M $69.43M

for Project period
A
o FHEHIMICB T 2B OREIIL, LRTA HEOANZIEEREOSEIES A 9, Ao—i, B555E ki
L OEI S, 750 OIS EOBIN 3R % U TRl S D,
o BoFhEI A MRS ATORH (f 7 LEERSN) 13, DOTC ORTRENERA K7 7 Mt (REBEL Report)
IZHASE, HESNZHDOTH D,
o FHBHUA K ONERF - TR I, BRI TRV,
o BFRAIL, TEERIH, FHEMAOFREFICEVET b0 L IND,
e HW (3N— RV =7 DK TH 5,



AT 7 e m—2 0%, 4045, FIR02% EHEET D, FTRAVNTRIRS @Y, Sk
D, AT w7 a— ZIERLIESREOTNETE PPP AR —LAETHERML 1LY, BURNOFER
HRENME< A b,

#2932 4ERIINVED

Annual Payment Optionl Option2 Option3 Option4
PPP STEP STEP#worcHy | STEP(aG, Hwotc)
+PPP (0zm) +PPP +PPP

1-10 STEP Loan repayment $586K $26K $483K
year PPP Payment $7,101K $3,445K $6,941K $4,084K
11-40 STEP Loan repayment - $959K $42K $791K
year

PPP Payment = = -

Option 1 Option 2 Option 3 Option 4
STEP
Years . STEP Years Years STEP Years

94 REOHjHR

941 REHREEH

AFC OF%feE#E HiX, Rebd Report © FS K7 7 MRIZESEHH ST D, S8 IKICEHT
AEMZI, LTO#y, A7 v 7« m— KO PPPIZEY STV D
# 94-1 STEP KU PPP ~DE Hfsy

B | STEP RF v | PPP
R 1
PPP $0 $18,312,675
IR 2
STEP+PPP (O&M)
B 3
STEP(CH M ~— K72 7)+PPP
B 4
STEP(AG., CH (/\— K77 )+PPP $15112,675 $3,200,000
o
o FoFET A FERS ETORM (7 L&Y 15, DOTC @ FSHiA 7 7 Mift (REBEL Report) (2155
=, HEINZHDOTHD,
o BRI 3KV 4TI, RFTDAT AON— Ry T RRBEEME KL AT 2B EMOISO—LIEEL T
Wb, AEGIE, BRAEEZR~OET U I bR HIGI &3 b DO Th S,

$18,312,675 $0

$300,000 $17,512,675
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1) STEP D4%ft:

IR 40
JCAIRF i E ] 10 4F
WA Y 2— )b JURI
VIS 0.20%
AIY AR T 4— 0.10%
TR HIH] 154F
Llre— 3.00%

2) PPP ZXF—AD4EM:

PPP A 20— A D&l R O L. Rebd OFIEEMFHE K7 7 MRS DO TH D,

AEEARLE 80%
e — 4R 6.5%
Bt — L 4F| 9.0%
=747 ¢ IRR 20.0%
AotbE T B $2,500,000
T R B FEREI$2,774,668
PPP i = # 4E#]$190,000
1= 10 4¢
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HEMEEMNZ > TARLFRE ZRE L, tE LaneE, (1997 .0 LRT2 S#ED /Sy r—
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~=7, 74V LRT1 156 101 153 2010
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Technical recommendation for the Concession Agreement

1 Earthquake
1.1 Large displacement and deformation of structures

Massive damage such as destruction and collapse of a bridge caused by large
displacement and deformation of structures are occurred. Additionally, there is a
possibility of derailment of running train caused by earthquake motion.

Issues to Avoid or Reduce Damage

1) Understand earthquake motion
2) Implement railway facility plan to satisfy required seismic performance

3) Compute behavior of railway structures caused by earthquake motion, and confirm
required safety and performance

4) Secure running safety during earthquakes against level 1 earthquake motion

Solution and Procedure for Issues

1) Carry out earthquake-resistant design with applying predictable earthquake force,
and then check earthquake-resistant performance of each part, and secure the proof
strength at last.

a) There are two types of seismic motions: oceanic seismic ground motion; and
terrestrial near-fault earthquake.

A design of seismic ground motion is set based on the type of seismic ground
motion. Yet, numerical analyses are conducted to determine a design for both
oceanic seismic ground motion and terrestrial near-fault earthquake.

Reverse fault Right-lateral
strike-slip fault

Normal fault Left-lateral
strike-slip fault

Figure: Types of earthquake fault

Figure: Plate boundary where oceanic
earthquakes occur

b) As the design systems are transitioning to a performance examination type in the
recent years, there is a trend to categorize design seismic ground motion into two
levels depending of its scale. This trend is especially apparent in Japan and the
United States.

The railway standard in Japan specifies two types of seismic ground motion, L2
seismic ground motion and L1 seismic ground motion depending on the scale and
frequency of seismic ground motions. That is, L2 seismic ground motion includes
two types of seismic ground motions, “oceanic seismic ground motion: spectrum |”
and “terrestrial near-fault earthquake: spectrum II".  Meanwhile, L1 seismic
ground motion includes “oceanic seismic ground motion”.
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¢) The design system of performance examination type needs to designate
necessary performances for a structure. Earthquake resistance performances
can be easily understood when performances are designated based on levels of
damages and difficulties in repairing or reinforcing the damages. Design systems
in the U.S. and Japan are based on such aspects.

The figure below describes an example of earthquake resistance performance of
the railway standards in Japan.

Earthquake resistance

performance of structures

Earthquake resistance performance I:
A structure can retain its functions
without repairing damages after an
earthquake, and no major displacement
is generated in an earthquake.

Earthquake resistance performance II:
A structure requires repairs after an
earthquake, but the damages can be
quickly repaired.

Earthquake resistance performance IlI:
The overall structure does not collapse in
an earthquake.

Damages to structural members

Damage level 1:
No damage
Damage level 2:
Repairs are necessary in some cases.
Damage level 3:
Repairs are necessary.
Damage level 4:
Repairs are necessary, and
replacement of members is necessary

Stabilization of foundations |

Stabilization level 1:
No damage (Applied load is less than a
bearing capacity.)
Stabilization level 2:
Repairs are required in some cases.
Stabilization level 3:
Repairs are necessary. Reinforcement
or realignment of structures is also
required in some cases.

Figure: Earthquake resistance performance of bridge supports and elevated bridges

* Damaged sections

Figure: Image of damaged sections of a bridge support
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Table: Repair methods for damage levels

Damage level Repair method
No repair (measures to improve durability if
necessary)
Crack injection or repairs of cross sections
if necessary
Crack injection, repairs of cross sections,
correction of hoop reinforcement if
necessary
-Crack injection, repairs of cross section,
correction of hoop reinforcement
-Replacement of structural members if axial
reinforcements or steel frames are
significantly distorted.

Damage level 1 No damage

Damage level 2 Repairs are necessary in some cases.

Damage level 3 Repairs are necessary.

Repairs are necessary, and
replacement of members is necessary
in some cases.

Damage level 4

Table: Earthquake resistant performances of bridge supports, level of damage to members,
and foundation stabilization level

Earthquake resistant | Earthquake resistant | Earthquake resistant
Structure
performance | performance || performance Ill
Level of damage to members 1 3 3
Foundation stabilization level 1 2 3

d) Japan is a country with frequent earthquakes, and earthquakes have hit trains
during service hours. Thus, the railway standards in Japan provide limits to
displacement of railway tracks to ensure the safety of driving trains during an
earthquake.

2) Secure the anti-collapse device or frame, even when sub-structure or bearing part of
bridges are destructed/or deformed severely

Ideally, railway facilities are capable of securing the safety during an earthquake and
immediately resume train services after an earthquake. Quick restoration of train
services requires measures to prevent fatal damages such as collapse of bridges.
Bridge collapse prevention system is a measure to have devices to prevent bridges
from falling in advance. An example of a bridge collapse prevention system used in
Japan is shown in the figure below.

Devices that make up of a bearing section |

Movement prevention
System and bridge collapse
prevention system

(square steel stopper)

Figure: Bridge collapse preventio Bearing surface

. Bearing unit
Edge of a bridge beam
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1.2

Ground liquefaction

Damage such as subsidence, inclination and destruction of railway structures, or
damage of roadbed are caused by ground liquefaction. Also, settlement of ground
surface after ground liquefaction is occurred.

Issues to Avoid or Reduce Damage

1) Understand earthquake motion and liquefaction damage caused by earthquake
motion

2) Implement railway facility plan including foundation works considering impact on
railway facilities

Solution and Procedure for Issues

1) Assessment of ground liquefaction

Assessments of ground liquefaction are compared by calculating “the force that
causes ground liquefaction” and “resistance to ground liquefaction” which are
obtained based on terrain conditions and soil conditions. Preventive measures are
necessary if the force is higher than the resistance as a result of a comparison.

2) Foundation types and soil improvement according to soil characteristics

Major examples of measures to prevent ground liquefactions depending on
conditions of a target ground are listed below:

Increased density: Sand compaction piling method

Increased resistance against ground liquefaction: Pre-loading method
Ground coagulation: Ground improvement method

Decreased saturation level and increased effective stress: Deep well method
Reduction and dispersion of excess hydrostatic pressure: Drain method
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2 Typhoon, Cloudburst
2.1 Flood

Frequent occurrence of high-water floods submerging houses are caused by flooding.

Issues to Avoid or Reduce Damage

1) Set location and specification of bridge, pier and abutment on river

2) Implement plan for railway structures understanding and considering effect of water
pressure, collision with driftwood, and scouring of foundation

Solution and Procedure for Issues

1) Investigate high-water level of each river, and secure overhead sufficient clearance
between girders and high water flow level

Girders of a bridge should be located higher than a high-water level (HWL).

Figure: Shape of a bridge support and a position of high-water level

2) Arrange a bridge to meet a river at right angles not to obstruct water flow

Bridges should be placed at a right angle to a river flow based on the perspective that
a bridge crossing a river shall not impede the river flow.

Also, the width of bridge supports to the width of a river (river width blocking rate) is
reduced to decrease obstruction to the flow.

River width blocking rate = =L x100 ----- (%)




3) Locate a bridge in high place where high-water flow is not discharged

Positions to install bridge supports are examined so that the river flow would not be
impeded. The figure below describes the standard installation positions in Japan.

\ / N HW.L

i

Surface of a river be

oY
' Q=less than 500m*/s A=5m over
. Q=500m%s over A=10m over

in a low-flow canal

4) Cross section of substructure shall be less water resistance

The horizontal cross-section of bridge supports installed in a river should be oval
which is as narrow as possible or similar shapes. In addition, the direction of the
longer diameter should be the same as the flow of a river. The figures below describe
the above concept and an example of an actual bridge.

———(Direction of a river flow)

@ Direction of a river flow

Figure: The cross section a bridge
support in a river and direction of a

flow The cross-section shape of

a river bridge is oval so that it

would not impede the river flow.

Figure: Actual example of a bridge support in a river
(skew bridge)

5) Footing of bridge shall be resistant against scouring

The foundation of a river support installed in a river should be placed to a sufficient
depth so that it would not be scoured by the river flow. The figure below describes
standards in Japan.

River support

Karman vortex
Descending flow
Flow

Scouring of river bed Souring hole

River bed
Horseshoe vortex

Figure: Flows at the front of a structure and surrounding flows around a pillar-shaped structure
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Major bed |LOW channel section| Major bed
|| BN
20 mlto the outside |20 20 m to the outside]

\gﬁ%&“/ .fHWL

Embedment for Embedment for Embedment fqr
1 m or more T 2 m or more ~ 1 m or more
' 1 i

Issues to Avoid or Reduce Damage

Implement railway facility (station, depot, and substation, etc.) plan considering
measures to prevent submergence

Solution and Procedure for Issues

1) The most suitable location for railway structures

To avoid the cost increase caused by flood damage and land preparation, examine
the most suitable location considering historical records of flood and ground
information.

2) Secure the sufficient height of formation level against submergence in planning of
land preparation or embankment

To avoid the submergence damage caused by flood, understanding the flood height
from the historical records and set the height of formation level securing the sufficient
height.

3) Examine the most suitable structure type for railway facility considering the locational
conditions;

a) Selection of structure type

Select the most suitable structure type to avoid the submergence damage caused
by flood considering the economical efficiency. Reinforced embankment retaining
wall containing the planar reinforcement is suitable for high water level by flood,
and is also high shockproof and high safety level rather than existing structure.

Concrete wall Sndbags Geotextile

Figure: Structure of reinforced embankment retaining wall

b) Implement a geographical survey and appropriate soil improvement, if bearing
capacity is weak because of wetland

To avoid the risks such as destruction and subsidence of structure owing to weak
ground, implement a geographical survey and the necessary measures.
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Table: Geographical survey for weak ground

Item Survey / Test
Stratum structure, Ground water level | Boring survey
Particle size distribution Particle size test
Unit volume weight Unit volume weight test
Consolidation degree Consolidation degree test

L - Uniaxial compression test, triaxial
Cohesion, internal friction angle .
compression test

Table: Measures for weak ground

Method Typical method name
Accelerating consolidation | Presser embankment, Preload
Compaction, tamping Sand compaction pile

Substitution, surface ground improvement, insole

Surface stabilit . .
y network, chemical grouting

Mechanical stirring improvement, high-pressure jet

D mixing pr .
eep g process stirring improvement

Following figure shows the typical measure for weak ground of “ensuring the
bearing capacity using the sand compaction pile method”.

Riprap

Sand compaction pile

Figure: Ensuring the bearing capacity using the sand compaction pile method

c¢) Consider strengthening embankment slope based on the assumption of damage
due to a river or sea flooding nearby

The grid cribwork is the typical method for protection of slope.

d) If the above mentioned solutions are not sufficient to prevent the damage, consider
establishment of cut-off wall/door

Following figures show the example of cut-off wall.

Figure: Example of cut-off wall (electrical facility)

12-11




2.2 High level tide

Destruction of shore protection and road/house submergence are caused by high level
tide.

Issues to Avoid or Reduce Damage

Predict high level tide, and implement railway facility plan considering effect of shore
protection and coastal bank

Solution and Procedure for Issues
1) Estimate highest tidal level based on previous data
The highest tidal level is estimated based on storm surge data from the past.
2) Railway structures shall be resistant to storm surges.

Reinforced retaining walls in which a sheet-like reinforcement is installed have high
earthquake resistance and safer than conventional soil structures. The photographs
below show an example in which a sea wall that was damaged by a typhoon was
restored with a reinforced retaining wall. The restored wall satisfies required
performances against flooding, of course, and wave forces and oceanic waves.

Figure: Seawall damaged by a typhoon Figure: Restoration of seawall damaged by a
typhoon using reinforced retaining wall

3) Secure the sufficient height of formation level which is higher than highest tidal level

The height of an installation surface should be higher than the highest tidal level to
prevent railway facilities from flooding.

4) Consider strengthening embankment slope and establishment of cut-off wall, in case
that damaging and submerging railway facilities are predictable

Photographs below describe examples of tidal gates installed at areas with risks of
flooding caused by high tides.

Yodogawa Tidal Gate

Figure: Example of a tidal gate (railway) Figure: Example of a tidal gate (railway)
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2.3 Landslide, Falling rock

Destruction, deformation of railway structures, and derailment and overturn accidents,
etc. are caused by landslide and falling rock.

Issues to Avoid or Reduce Damage

1) Predict peak rainfall considering abnormal weather, and scale and frequency of
landslide, falling rock around railway facilities

2) Method of confirmation to take measures for preventing the occurrence of landslide
and falling rock

Solution and Procedure for Issues

1) Investigations at areas with risks of landslide and falling rocks are conducted to
forecast damages.

Landslides occur at areas where seepage water is flowing in the ground.

Weathering of the ground gradually progresses as the seepage water passes through
the ground, decreasing the cohesive force of the ground and lowering the searing
strength, resulting in collapses of the ground. Landslides can be forecasted by
calculating rotational slips based on ground investigations. Meanwhile, falling rocks
are assessed by conducting on-site investigations.

Figures below describe conditions which are prone to landslides and falling rocks.

A point of collapse

Knick line

) Deep rotational slip
Surface soll )
Embankment materials

with high ratio of fine particles
Flow of water

Increased wate
level

Flow of seepage water . . .
Pag Figure: Example of a rotational slip

Base rock

Figure: Example of a collapse of a slope

2) Take measures to prevent landslide and falling rock in a hazardous area

One of the measures to prevent landslide is to install piles as if skewering into a
rotational slip to reduce the movement of soil using the bending rigidity of the piles.

Preventive measures applied on the source of falling rocks are as follows:

a) Cut slope

b) Removal of loose rocks
c) Foot protection

d) Rock anchoring

e) Covering of surfaces

f) Installation of wire roles

The photograph below describes an actual example of embedding method and
installation of wire ropes.
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Installation of wire ropes
Anchor + grid frame N

Restraining pile
Slope protection method

Soil retaining wall
Slip surface

Down Up

o Slip surface
Infiltration well .
Foot protection

Figure: Landslide prevention measures using

e : Figure: Foot protection and installation of wire ropes
restraining piles

3) Construct protection equipment to minimize damage

There are the following five types of measures applied on slopes and at the edge of
railways.

a) Protective mesh from falling rocks
b) Protective fence from falling rocks
c) Protective wall from falling rocks
d) Covering of falling rocks

e) High energy absorption fence

Examples of b) and d) are shown below.

Figure: Protective fence from falling rocks Figure: Covering of falling rocks

Falling rock detection system notifies an onset of falling rocks to trains to secure the
safety of train operations.

Falling rock detection system

Figure: Falling rock detection system
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3 Others
3.1 Subsidence caused by groundwater level drawdown

Settlement and deformation of rail level, and damage to foundation are occurred.

Issues to Avoid or Reduce Damage

1) Predict future ground settlement and deformation of rail level
2) Confirm availability of measures for ground settlement
1) Implement a geographical survey
The table blow describes categories of soil investigations and testing method on soft

grounds.
Table: Soil investigations on soft rocks
Investigation category Investigations and tests

Soil layer formations, ground water levels Boring

Particle size distribution Particle size test

Unit weight Test of unit weight

Density Density test

. . - unconfined compression test, triaxial

Cohesive force, the angle of internal friction . P

compression test

2) Estimate a degree of subsidence from groundwater level, N-value and soil
characteristics

Submerged water layers are located beneath a soft clay surface, and the water
pressure is decreased when the submerged water is pumped up. The pressure
among the sol particles in the clay surface increases as the water pressure is
decreased and triggers consolidation. The ground lowers when the degree of
consolidation increases.

The degree of ground subsidence caused by decreased groundwater level can be
obtained by a one-dimensional consolidation settlement analysis using consolidation
coefficient obtained in an indoor soil tests.

3) Foundation in places where subsidence is predictable shall be constructed to be
resistant to subsidence

When the ground surrounding a foundation lowers as the ground water level lowers,
the vertical friction force works on the sides of the foundation. The friction force
sometimes damages the foundation by compression when it exceeds the durability of
the foundation. Reduction of the friction is effective in avoiding such situation.
Possible measures include the adoption of steel piles with smooth surfaces and
application of resin on concrete piles.

12-15




3.2

Salt damage caused by splashing seawater

Salt damage and aging of rolling stock, concrete, and steel structure are caused by
splashing seawater.

Issues to Avoid or Reduce Damage

Solution and Procedure for Issues

2) Review concrete covering to reduce decaying a reinforced concrete structures

1) Understand and predict salt spray and salt damage

2) Confirm availability of measures depending on intensity and characteristic of salt
damage

1) Treatment of structure against rust prevention to rolling stocks and railway facilities

Structures and materials must be carefully selected for vehicles and facilities in areas
where salt damages are expected to prevent corrosions and oxidations on vehicles

and facilities. For example, aluminum alloys or stainless vehicles are used in such
cases.

A key to retain the durability of reinforced concrete is to retain neutrality of the
concrete and prevent the steel reinforcement from rusting for a long time.

a) Installation of hard concrete

When the covering depth is 4 cm and the water-concrete ratio is 60%, the concrete
retains its neutrality for about 80 years. Yet, if the concrete is made harder by
making the water-concrete ratio to 55%, the neutrality can be retained up to about
110 years.

b) Securing the covering depth

When the water-concrete ratio is 65% and the covering depth is 2 cm due to
defective installation, the inside the concrete can be kept neutral only for less than
20 years, and the steel reinforcement inside the concrete starts to rust after that.
The rust on steel reinforcement increases the volume around the steel, expanding
the concrete and resulting in cracks, damages, and collapses.

c) Steel reinforcement with epoxy resin application

Uses of steel reinforcement on which epoxy resin is applied enables high durability,
because the structure does not become close to a corrosion limit at all even after
50 years from the construction. The additional cost compared to the use of normal
steel reinforcement is about 1 to 2 % in the overall construction cost. Japan
Society of Civil Engineering has prepared design standards.
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D19 Steel reinforcement with
epoxy resin application

D19 Steel reinforcement
before a test

D19 Reinforced steel without
epoxy resin application

Figure: Overview of reinforced steels with epoxy resin application

3) With regard to seaside structure, adopting weather resistant steel, painting material,
painting interval, etc

A common measure to prevent salt damages on steel structures is to use weather
resistant steels. Weather resistant steels prevent progress of oxidation and rusting
by forming “generated rust” at the beginning. Generated rust is red brown as shown
below which is similar to the color of rust, giving a “heavy” impression.

Figure: Bridge support with weather resistant steel
(No paint application is planned for the future.)
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OUTLINE OF DESIGN STANDARDS FOR RAILWAY
STRUCTURES AND COMMENTARY
(SEISMIC DESIGN)

I DESCRIPTION OF THE SEISMIC STANDARD

The code provisions of “Design Standards for Railway Structures (Seismic Design),” that have been used
generally for seismic design of railway structures in Japan, was issued as a potice by the Ministry of
Transport (currently the Ministry of Land, Infrastructure and Transport) in December 1998, Commentarics
and appendices were added and published in November 1999 as the “Design Standards for Railway
Structures and Commentary {Seismic Design),” hereinafier referred to as the “seismic standard.”

The seismic standard is the result of a drastic revision of conventional seismic design based on the lessons
leamed from the damage to railway, road and other important facilities caused by the Hyogoken-Nanbu
Earthquake which oceurred on January 17, 1995, The seismic standard is applied to the design of bridges,
viaducts, foundation structures, retaining structures (retaining walls, abutmenis, etc.), cut and cover munnels
and embankments. As for the embankments, however, the seismic standard is applied only when seismic
design is necessary, for example, in cases where designing highly imporant embankments when the
geographical features of the site are susceptible to the effect of carthquakes, or when recovery is difficult.
The seismic standard is composed of fifleen chapters as shown in Table 1. Technical documents, required
when performing sophisticated design, are attached at the end of this standard as Appendices.

Table 1 Contents of the Seismic Standard

— Chapter No, Title Chapter No. Title

1 Gieneral 9 Albutments

2 Basie of Selsmsc Desagn 10 Rigid Frame Structures

3 Design Earthquake Motions snd Loads 1] Hearings

4 Materials and Design Values 12 Foundation Structures

5 Evaluntion of Surface Ground and 13 Retaining Walls
Compuiation of Behavior

] Computation of Fespoase Vahies of 14 Embankments
Struchare

7 Verification of Seismic Performance 15 Cut and Cover Tunnels

X Bridge Piers Appendices

Il A BRIEF HISTORY OF THE ISSUE OF THE SEISMIC STANDARD AND ITS
CHARACTERISTICS
1. History of the Issue of the Seismic Standard
Many railway facilitics suffered severe damages in the Hyogoken-Nanbu Earthquake that occurred on
January 17, 1995. A fundamental philosophy for seismic design was proposed by the “Study Committes
for the Seismic Structure of Railway Facilities” set up by the Ministry of Transport {currently the Ministry
of Land, Infrastructure and Transport) after the ecarthquake. Following the proposal, the “Study
Sub-committee for Seismic Standard” was set up by the Railway Technical Research Institute performing
a8 a secrctariat under the guidance of the Ministry of Transport. This sub-committee consisted of
academics and engineers from railway operators specializing in seismic design. The seismic standard is the
result of discussions conducted over three vears by this sub-commitiee,
The study commitice presumed the principal causes of damage to railway structures due to 1995
Hyogoken-Nanbu Eanhquake, which are deseribed below based on damage investigation and the results of
analyses,
a) All of the structures at the site possessed the required capacity corresponding to a design
horizontal seismic coefficient of 0.2 specified in the design standard at the time of their design,
However, this value was grossly exceeded by acceleration induced by the earthquake. For this
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reason, many structures suffered damage.

b) The Shinkansen viaducts that suffered severe damage, such as collapse, had less safety against
shear than against fexure, which caused considerable structural damage. One of the reasons for
this was that, according to the standards at the time of their design, the allowable shear stress of
concrete was larger than that of current standards.

¢}  The main reason for the large difference in the degree of damage between adjacent viaducts
(some collapsed while others suffered only cracks in columns) was the difference in surface
ground.

As a result, we learmed that the following should be included in the new seismic standard: a) inland
earthquake motions must be considered, b) the failure mode must be considered in evaluating the safety of
members, and ¢) the dvnamic properties of surface ground must be fully taken mto consideration when
computing the response values of structures.

On the other hand, though foundation damage was relatively light, of particular nofe was the damage
capsed by the lateral flow of soil accompanying the liguefaction of the ground. The large motion of the
ground caused piles to break, thus indicating the importance of design methods against the lateral flow of
soil.

2. Characteristics of the Seismic Standard
The following are the main characteristics of the new seismic standard.

(1) Consideration of 1995 Hyogoken-MNanbu Earthquake-class earthquake motion

In light of the damage caused by the 1995 Hyogoken-Nanbu Earthquake, structures must be designed 1w
withstand this kind of strong earthquake motion. For this reason, two levels of design earthquake motion
{earthquake motion to be considered in design), Level-1 and Level-2, were adopted. Level-1 earthquake
motion has a probability of occurring several times within the service period of the structure and that is of
a level that has been already considered in conventional seismic design. Level-2 earthquake motion is
strong earthquake motion that has a low probability of occurring within the service period, such as
earthquake motion caused by a near-land-large-scale interplate earthquake or by an inland near-field
carthquake.

(2) Use of structural ductility

When inland earthquake motion with a return period of several hundred vears is taken as design earthquake
motion, the effect on structures will increase dramatically. Therelore, it s rational to design structures
adopting the concept of allowing damage but preventing collapse, which is available through the
appropriate evaluation of the ductility of members and foundations. So, the endurable extent of damage is
prescribed and represented by “seismic performance™ baged on the viewpoint of damage control.

Figure 1 shows the defined three criteria of seismic performances of structures corresponding to the extent
of repair and retrofitting that will be required afier an earthquake. The seismic standard prescribes
verifying that structures satisfy those performances with respect to design earthquake motions. Which
seismic performance is to be assigned to a structure is determined according to the importance of the
structure. Also, the damage level corresponding to the scismic performance of a structure must be set for
members and foundations.
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Seismic performance [ Damage level 1: No damage
Function of struchare is retaimed without Damage level 2: Damage that may require
mﬂdmrmgmpmrllhrnmthqut{.mdnu repair depending on
excessive displocement ooours, siluation.
Seismic performance [ Damage level 3: Damage requiring répair,
Repair may be required afier an carthquake, Dumage level 4; Damage requiring repaic and
but function of structure can be regtored replacement of members
within & ghort perind. depending on situation.
Seismic performance [11:
Iﬁnﬂ;mn does not collapse becauss Stability S Poumiations
Damage level 1; No domage
Damspe bevel 2: Damage requiring repair
depending on situstion.
Dumape kevel 3: Damage requiring repadr and
offset remediation of
structure depending on
situntion,

Figure 1 Relationship between Seismic Performance of Bridges and Viaducts,
Damage Leval of Membsers and Stability Level of Foundations

{3) Use of dynamic analvsis

Dynamic analysis that completely models the foundation and the superstructure are mainly used to
compute the response values of structures. This is because the effect of an earthquake is fundamentally
dynamic, and because the dynamic effect of the surface ground is significant when subjected to strong
earthquake motion such as that experienced in the 1995 Hyogoken-Nanbu Earthquake. The nonlinear
response spectrum method, however, is regarded as an alternative 1o be applied to some types of structures,

il SEISMIC DESIGN PROCEDURE

Figure 2 illustrates the procedure for seismic design for bridges and viaducts.

In the seismic design of the new seismic standard, the input earthquake motion is set first. Then, the
surface ground is classified based om a soil exploration. In the time history dynamic response analysis,
ground and structures are appropriately modeled to obtain the response values of the structure. On the
other hand with the nonlincar spectrum method, the response values of the structure are computed using
nonlinear response spectra {also called “demand vield seismic coefficient spectra™) that are prepared using
the design earthquake motion preset for each ground classification. In the general verification of seismic
performance, these response values and the limit values of the structure are used.

The nonlinear response spectrum method may be used for structures that can generally be modeled by
single degree of freedom system to express the behavior against earthquakes. However, for complex
structures, the time history dynamic analysis method should be used,
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Items in Seismic Design | | | Time-history Dynamic Analysis Method| | Nonlinear Spectrum Method |

Setting input earthquake motions [ Selection of Level 1, Level 2 earthquake motions (spectra I, 11 and I11) ]

Evaluation of surface ground Dynamic analysis of Selection of earthquake molions according
surface ground to ground classification {from GO o GT)
; Dietsiled dynamic analysis Simplified dynamic analysis
Comprintionnl sactimiropomec st | o dfisonr draamic mabrie el (oo Snear spactrom mefhod)

I l

Venfication of seismic performance Member......Damage level Foundation......Stability level !
Figure 2 Seismic Design Procadure for Bridges and Viaducts

IV SUMMARY OF THE SEISMIC STANDARD

1. Design Earthguake Motions

(1) Bedrock earthquake motions

The seismic standard prescribes Level-1 and Level-2 earthquake motions as design earthquake motions.
These Level-1 and Level-2 earthquake motions are set at the bedrock and their properties are represented
by acceleration response spectra, For bedrock, it is desirable 1o lake the hardpan of which shear wave
velocity is large. In actual desipn, however, the hedrock is generally taken to be the top surface of a hard
stratum that can bear the foundations.

a) Level-1 earthquake motion

This level of earthquake motion has been used in combination with the elastic design method. As well
as being presented as static loads (for the seismic cocfficient method), it also is provided as a scismic
wave form for dynamic analysis.

The intensity of Level-1 earthquake motion is preseribed based on the acceleration response spectrum
determined for firm ground classified in the conventional allowable stress design method, and is
determined referring to an earthquake risk analysis of the return period of 50 years. The maximum
value is taken as 250 gal (damping ratio 5%).

b} Level-2 earthquake motions

A design earthquake motion with a maximum elastic response acceleration of 16 has been taken into
consideration in the conventional design of structures on standard pround. However, as for the
intensity of Level-2 earthquake motion, il was necessary (o consider earthquake motion that occurred
in regions near the fault including hvpocenter as severe as the strong carthquake motions experienced
during the 1995 Hyogoken-Nanbu Earthquake.

To set this kind of earthquake motion, the positions of active faults that will be a threat must be
specified in cach area by comprehensively taking into consideration geological information relating to
active faults, geodesic information related o movemenl of the earth’s crust, and seismological
information relating to seismic activity, Although it is ideal to prescribe the intensity of earthquake
motion based on these active faults, the accuracy of a retum period of an earthquake generated by
inland active faulis, the magnitude and the properties of earthquake motion are often insufficient to be
used in the basis of seismic design, In the seismic standard, standard earthquake motion for the arca
near the faults was prescribed based on analyses and records of strong earthquake molions near faults

Jikd
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that have caused major disasters in the past, such as the 1995 Hyogoken-MNanbu Earthquake.
The acceleration response spectra of Level-2 canthquake motion as standard eanhgquake motion
considers the following:

{1} Acceleration response spectrum {Spectrum I} targeting near-land interplate carthquakes
(Magnitude ¥ level, distance to epicenter of 30 to 40 km) thai has been considered in
conventional design,

(i) Acceleration response spectrum (Spectrum 1) determined according to statistical analysis
based on past earthquake observation records targeting earthquakes produced by inland
active faults,

Furthermore, when the rupture mechanism of faults can be specified, the acceleration response
spectrum (Spectrum [1) computed by analysis based on that mechanism may be used instead of
Spectrum 1T,

Spectrum 11 was set taking into consideration a non-exceedance probability of 90% for the response
spectrum of past earthquake motions observed on firm ground. The maximum value of spectrum 11
determined according to this method is 1700 gal (damping ratio 5%) for G1 ground classification
{bedrock).

Figure 3 shows the procedure for setting Level-2 earthquake motions.

| Investigate active foults and judgment I

;
Thetermans local Tompusation of faalt Determination of lcal
eianiie risk Eacior earthquake motkon desiributkn seismic risk Fuctor
¥ v

Mok Boutiom of pactrsn 1 by 1k Determination of Spectrem | | Atemisation of Spectrum | Modification of Spactram 11 by
facior (Modified Specam 1) 11 from fhskt model Il by distansce risk Eactar

| Desin Spestram oa bedrock |

¥

| cresionotutificial wave |

Fegure 3 General Procedure to Determine Level-2 Design Eanhquake Malion

(2) Ground surface design earthquake motion

The seismic standard prescribes the ground surface design carthquake motion for each ground
classification, and the characteristics of that earthquake motion are outlined by the acceleration response
spectra,

Since the characteristics of the surface ground must be expressed as accurately as possible, ground is

il
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classified into eight types. The classification corresponds 1o the natural period of ground computed based
om the initial velocity of shear wave of the surface ground.

Ground surface design carthquake motions are determined to Level-1, and Spectra | and 11 of Level-2
earthquake motions. Figures 4 to 6 show the elastic acceleration response spectrum of the respective
ground surface design earthquake motions, and Figures T and 8 show the time-history waveforms (Spectra
1 and I} of ground surface design earthquake motions {Level-2 earthquake motions).
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2. Evaluation of Surface Ground

(1} Property Survey and Testing of Ground
Sinee Level-2 earthquake motion is considerably intense, the nonlinear characteristics of ground as much
as those of structures have to be adequately evaluated. For this reason, appropriate properly surveys and
testing of the ground must be performed.
Table 2 shows ground survey items in seismic design and their purpose.,

Tabie 2 Relation Batwsen Survey tems in Ground Surveys for Seismic Design and Their Purposes

Primary Purpose of Survay
Scttmg of
Senting of ‘:“"E‘"”.“’r i parsmelsss
Ell:"mﬂ Description Llfhmtui'm m‘"' ﬂm:umw s'umﬁ! when
g suil, juclgment | classifieation i | P
mrfcoin o ol | asinio design | 7RI
seismic design soil mmahysan of
groued
Dooament | Earhguake damage reconds (&)
aarveys | Diveamic properies of soil 0]
Geographic featuresgeciogicsl parvey (=] [a] ] o
Haring [*) [o] [&] =]
Bite Ciround-waber level measuremenl &) 4] [ ]
surveys | Standerd-pesstration et [s] 0 o) o]
le-aing Seusmac velocity m ﬂ!nﬂlm & e (o]
tealy Elnstic wave explorstion A ) A
Ie-situ strength ost i A & &
Undisturbed sampling & & & &
Partiche-size analysis fu @] I [&]
Wt density test of scdl A A A A
Labaratary | Unconfined conpression tesl of sail A A H A
sl pesl Urf-lthl'red cyclie triaxial compression tesd of 2 &
=
Cyelic triaxial compression test for cheaining, Fy
E'&' duformation chamcteristics of soil

3 In principle, must be performed £ Required acconding bo situation

aYa
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For ground which might possibly liquefy, it is recommended 1o conduct a eyelic loading triaxial
compression test and to ascertain the shear strength ratio. Figure 9 shows the procedure to judge the

possibility of liquefaction.

Saoil survey
Computation of natral period of ground
Selection of pround classification
I

v
Setting of maximum acceleration on Setiing of earthguake motion on groand
ground surface surfice

v ¥
Estimation of shear stress ratio Estimation of Hojsefacthon strongth ratic
I ]
v

Commputation of liguefsction
resistance rate

Figgura 9 Liguefaction Judgmant Procadure

{2} Ground Classification
The surface ground is classified to eight profiles, from GO to G7, for seismic design as shown in Table 3.

Tabla 3 Ground Classification for Seismic Design

Ground Clissification Namiral Period T, Description
Go - Hand rosk
Gl = Bedrock
G2 0.25 and shorter Diluvium
G3 0.25 10 0.5 Dense soil
Gd 0.5 1075 Dense 10 s0ft soil
G5 0.75m 1.0 Soft soil
G5 10t0 15 Nery soft soil
7 1.5 and longor Extremely soft sonl

The following shows the formula for computing the natural period shown in Table 3:
N
Tl =4xz[};ﬁr ] (EQ' 1}
=l Hiva

where,
ky: layer thickness (m) of each soil layer (i~ layer) (i = | to N layers)
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Vi design initial velocity of shear wave (m/s) of each soil layer (i layer)

(3)  Evaluation of Surface Ground
The characteristics of surface ground must be fully assessed as they greatly affect on the seismic
performance of structures that are built on the ground. The following shows evaluation methods for some
typical grounds requiring attention:
a) Geologically Imegular Ground
Ar geologically irregular ground, the earthquake motion is amplified and has caused considerable
damage in past earthquakes. The evaluation of the amplification effect of geologically irregular
ground should be conducted using the finite element analysis method, This method is, however, not
popilarly used at the design stage, so the amplification factor of earthquake motion based on seismic
response analysis of geologically irregular ground is plotied and shown in the seismic standard.
Figure 10 shows the ground conditions for which the effect of geologically irregular ground should be
considered.

mpke |10 or mare Stope sngle 1210 or more
T 4 )
! 10 m or more thick Surtace -“1 100 m o Iigher
| eraiind ‘-_:-.,_‘
¥ -

- Bedrock surface in semmic design -

() In cases where the bedrock surface m sexsmic design 1 (b) In cases where the ground surface is slanied
slanted

Figure 10 Conditions In which the Effect of Geologically Imagular Ground Must Be Considered

b) Liquefied Ground
Liquefaction is a considerable problem in seismic design and it has caused many disasters on
structures in the past earthquakes. Countermeasures should be devised when the occurrence of
liquefaction can be prevented economically by soil improvement. If it is difficult, other measures
must be devised to prevent the collapse of the structure or major damage caused by the excessive
response of structure due o liquefaction or excessive displacement of the foundation due to land
settlement and lateral flow of soil.

In the 1995 Hyogoken-Nanbu Earthquake, considerable damage was caused 10 structures due to the
lateral flow of soil accompanying liguefaction. To assess this, the seismic standard adopted the same
approach as the response displacement method, which computes the amount of ground displacement
that causes lateral flow of soil, and acts on structures via the subgrade reaction (see Figure 11).
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Figure 11 Consideration of Ground Displacement Caused by Lateral Flow of Sl

¢} Soft Ground

At soft ground, earthquake motion is amplified in the weak surface layer, resulting in considerable
displacement thal damages the pile foundation. Therefore, this phenomenon must be taken into
consideration for foundations on ground where large displacement might occur. The amount of
displacement in this case should be computed by seismic response analysis of surface ground. The
seismic standard, however, provides a simple method, for the sake of practical design, to obtain the
displacemnent using the natural period of the ground for each level of earthquake motion.

3. Computation of Structural Response Values

(1) MNonlinear Spectrum Method

Dynamic analysis methods are primarily used in the design of bridges and other structures in seismic
design. It is necessary to use the dynamic analysis model of multi-degree of freedom system for structures,
such as multi-span continuous bridges, long-period structures or new-type bridges whose behavior cannot
be expressed by the single-degree of freedom system. For general structures, however, response values
may be obtained by nonlinear response spectra computed using dynamic analysis which take into
consideration the hysteresis characteristics of structures.

In the seismic standard, this method is called the “nonlinear spectral method.” The demand yield seismic
coefficient spectrum is a nonlinear response spectrum that illusteates the relationship between the vield
seismic coefficient and natural period of the structure for each ductility factor. The ductility factor
{response displacement) of a structure subjected to a design earthquake can be simply obtained if the yield
seismic coefficient and equivalent natural period of the structure are known.

Figure 12 shows the method to create the demand yield seismic coefficient spectrum. Figure 13 shows the
method to obtain the ductility factor from the equivalent natural period and yield seismic coefficient,

=10 -
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Figure 12 Method to Create Demand Yield Seismic Coefficent Specirum

The process to compute the ductility factor of a structure using the demand vield seismic coefficient
spectrum shown in Figure 13 is as follows: a) obtain the vield seismic coefficient K, using nonlincar
analysis of the structure, b) obtain the equivalent natural period of the structure, and c) the point of
intersection between a) and b) is determined using the demand yield seismic coefficient spectrum diagram,
and the ductility factor is read from the diagram.

Ky

=
s
!
I

Demand Yield Sesamic Coefficient
=
| |
|

2

0.5 I
Equivabent Nataral Period T, (sec)
Figure 13 Method to Compute Ductility Factor from Equivalent Natural Period T, and Yield Seismic Coaficient K,

(2} Time-history Dynamic Analysis

The time-history dynamic analysis can rationally express the behavior of a structure subjected to an
carthquake. There is, however, still many uncertainties. Modeling methods must be fully assessed when
applying this method of analysis.

There are various kinds of time-history dynamic analysis methods. It is important to seleet an appropriate
method after a full understanding of their differences, for instance on the convenience of modeling,
casiness of setting various analysis constants, adaptability to nonlincarity, applicability to complex
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structures, and applicability (o liquefaction and peologically irregular pround.

(3) Evaluation of Dynamic Interaction Between Soil and Structures

During an earthquake, dynamic interaction occurs between soil and structures, The interaction is greatly
influenced by their frequencies and masses. The effect of dynamic interaction must be taken into
consideration when the behavior of structures subjected to an earthquake is strongly affected by this
phencmenon.

There are two types of dynamic interaction: interaction caused by the inertia force of the structure (inertial
imeraction), and interaction caused by the rigidity of the foundation and positional fluctuations of
earthquake motion (kinematic interaction). For highly rigid foundations in the ground, the latter (kinematic
interaction) must be considered.

4. Verification of Seismic Performance

(1) Seismic Performance of Structures

The seismic standard adopts the performance-based design method which clearly sets and venfies the
damage states of structures (L.e. seismic performance) when they are subjected to design earthguake motion.
These provisions can also be called the “damage control design method.”

As shown in Figure 1, the seismic performance of & structure is related to the difficulty of recovery after an
carthquake. For relationships between design earthquake motion and required seismic performance,
Seismic performance [ is applied to Level-1 earthquake motion. Seismic performance [1 is applied to
Level-2 earthquake motion for important structures, and Seismic performance 111 is applied o other
structures.

To ensure the seismic performance of structures, the damage level of componenl members of & structure
and the stability level of the foumdation must be set appropriately. The damage level of each member has to
be set taking into consideration the seismic role of the corresponding member, As the stability level of
foundations affect the deformation of a structure, it is set taking into consideration the bearing capacity and
displacement since this greatly influences deformation.

(2) Member Damage Levels and Foundation Stability Levels

The member damage levels are associated with the extent of displacement, that are represented on the
envelop curve of load-displacement relationship and taking into consideration the imporiance of the
structure, member characteristics, the relation between damage and repair methods for the member.

For example, for reinforced concrete members being subjected to moderate axial compressive force and
having the precedent failure mode of flexure, the envelope curve of the load-displacement relationship of
the member is expressed as shown in Figure 14, Then, each damage level may be set comesponding to the
points of gradient change on the envelop curve of the load-displacement relationship.

In Figure 14, damage level 1 is set within the displacement to make the longitudinal reinforcement yield
(point B); the damage level 2 is set within the displacement at maximum capacity (point C); the damage
level 3 is set within the displacement at which the yield capacity can be sustained (point D); and the
damage level 4 is set for the displacement beyond the point 3.

When the relationship between the damage level and the displacement of member is set in this way, the
displacement of a member can be taken as a verification index. Table 4 shows the guidelines of repair
methods corresponding to each of these damage levels.
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Figure 14 Envelop Curve of Load-Displacement Relation of Reinlorced Cancrete Members (under low axial force)

Tablo 4 Summary of Repair Methods for Corresponding Damage Levels of Reinforced Concrete Members
Damiage Level Guideline of Repair Method

Dammage level | | No damage : = Mo repair (Durshility considered ns necessary )
Damage bevel 2 D""mm'“f-mﬁ'“mmw O » Injection into crack / patching, if necessary
i : * Injection into crack / patching. Remediation of
Damage kevel 3 | Damage requiring repair ties, if
# Injection into crack / patching /‘remediation of
Damage requiring repair, and figs,
Damage level 4 | replocement of members depending on | » Replscement of members when buckling of
stuation longatudimal reinforcements or siraciural steel
frame is conspicuous.

It is prescribed that the stability level of foundations is set with emphasis principally on bearing capacity
and displacement. The residual displacement and ductility factor of a foundation are used as indices of this.
The ductility factor is the ratio between the response displacement of a foundation subjected to earthquake
and its yield displacement. Figure 15 illustrates the relation between the stability level and
load-displacernent curve of the foundation.

The yield point of the foundation is defined by the yield of either supporting ground or members. Both are
referred o as “stability level.”

The stability levels of foundation are defined as follows:

Stability level 1: In principle, the load acting on the foundation is smaller than the yield bearing
capacity of the foundation, and large displacement does not occur, Also, the section
forces of component members of the foundation do not exceed the yield bearing
capacity,

Stability level 2: Either or both of the supporting subgrade or members may yield but have sufficient
bearing capacity. Also, harmful displacement and residual displacement, which spoil
the function of structure after carthquake, have not occcurred.

Stability level 3: The structure retains the required bearing capacity to prevent it from collapsing due
to failure of the supponting subgrade and damage to members.

Table 5 summarizes repair methods corresponding to the stability levels of the foundation. Figure 16
illustrates the potential damage regions of piers. Table 6 summarizes the relations between the seismic
performance of pier members, and the limit values for member damage levels and foundation stability
levels,
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Figure 15 Load-Displacemant Curve and Stability Levels of Foundation Structures

Table § Schema of Repair Methods for Comesponding Stability Levals

Damage Level Summary of Repair Method
o Mo damage
Stability bevel | ® Acting load is smaller than yield bearing | * No repair
.
capacity,
ection of voids in footings and around
- Damage that may require repair * Inj . 5 ;
Stabality level 2 2 : P foundations mny be required depending ot
depending on situation. simatlon
| } & Sodl-lmprovement
. Damage that may require strengthening p ; .
Stahility level 3 » i » Strengthening of foundation by expanding
or remediation of the strscture . sor additiocal pi

Table & Seismic Performance of Pier Members, and Limil Values for Member Damage and Faundation Stability Levels

BB Potential damage region
Figure 16 Schemalics of Potential Damage Reglon of Pher

Structure Seismic Performance | | Seismic Performanee 1 | Seismic Performance 111
Damiage level of member 1 3
Stability level of | 2 3
fundation

*Of the member damage levels, bearing damage level is in accordance with “7.11 Bearings "

(3 Concept of Importance

The importance of structures is set according to the extent that structural damage will affect human life, the
degree of influence on society and surroundings the operating speed and number of trains and the difficulty
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of recovery in the event of damage to the structure, and other factors.

Structures as follows are judged to be important stroctures: a) structures for the Shinkansen railway
network and metropolitan passenger railway networks, and b) cut and cover tunnels, that are difficult to
recover in the event of structural damage,

5. Seismic Design of Structures

(1) Seismic Design of Bridges
a) Computation of Response Values of Piers
In the computation of response values of bridge piers using the time-history dynamic analysis, the
structure is divided into the design vibration unit and modeled to either an overall detailed model
composed of super- and sub-structunes or & model in which support springs represent the foundation
a5 shown in Figure 17,
Though superstructures and foundations behave monolithically during an earthquake, it is intricate 1o
use the overall detailed model composed of super- and sub-structures when time-history dynamic
analysis methods are used in the practical design process. Also, detailed assessment is required for the
modeling of the ground in this case. Generally, modeling may be performed with the superstructure
and foundation as separate.
In the modeling of members, beams and columns are modeled as linear members and nonlinearity is
taken into consideration. To express the nonlinearity of reinforced concrete members, a model must
be used that can take into consideration the influence of the cracking of members, yield of
longitudingl reinforcement, spalling of cover concrete, and buckling of longitudinal reinforcement.
Generally, either a tri-linear model or a tetra-linear model, which can take into consideration the
decrease of flexural moment capacity beyond the maximum flexural moment capacity, s used to
express the M-# relationship as shown in Figure 18 (). If the tetra-linear mode] is used, the behavior
of o strocture can be traced even after some of its members have reached the capacity decreasing
region, thus can provide very accurate analysis. A degrading rigidity model is used for unloading
rigidity.
Figures 18 (b) and 18 (c) show the M-& relationship models for concrete-filled sicel tube members
{with a circular section) and of sieel members, respectively.
The nigidity change points of models for each member and hysteresis rules shown in Figure 18 have
been newly prescribed based on member test results,
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Figure 18 (a) Concrede Members
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by Verification of Seismic Performance

Verification of seismic performance is conducted by verifying that the damage level of component
members of & structure is satisfied when subjected to the design earthquake motion.

The damage level of members is verified by the following formula:

1SRy = 1.0 {Eq. 2)
where,
84 design response value
Sa= 1o S
Ry design member performance corresponding to the damage level of the member
Rs= R{f)n

S(F ) response value with respect (o the design load £

R(fJ): member performance corresponding to the design materials strength f,
. structure factor

¥ structural analysis factor

e member factor

The limit values of member damage levels are set taking into consideration the guideline of retrofit
methods shown in Table 4, member characteristics and loading conditions.

Verification is conducted by confirming that the response values, obtained using the nonlincar model
shown in Figure 17, do not exceed the evaluation index (displacement) cormresponding to the damage
level of the members shown in Figure 14. For members such as columns whose flexural moment
distnbution varies linearly, the rotation # shown in Figure 18 is used as the evaluation index. On the
other hand, for members such as beams whose flexural moment distribution varies in a curved manner,
the curvature @ of the member section 15 used.

The damage levels of bearings are set based on Tables 7 and 8. The damage level of bearings
corresponding to the seismic performance I1 of structure is basically set as level 2. However, up to
damage level 3 is allowed when the capacity of infrastrecture is large like that of the transverse
direction of a wall shape pier.

Table 7 Seismic Performance and Damage Level Limits

Seismic of structures 1 i I
Damage bevel of bearings 1 2 (3) 3
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Table 8 Damage Level of Bearings

amnge Level Estent of Damage Extent of Repair
] Sound amd no damage Mo repair
2 Relntrvely shight damage without unsecating of Repair as neceisary.
ginder
Damage includes unseating of girder and failure of .
3 | some bearing npparatus, but bridges do not fall off Repair or replacement is necessary.

(2) Seismic Design of Foundations

a) Basic Concepls

Foundations must transfer inertia forces that are applied from the superstructure safely to the subgrade,
and must also satisfy the design conditions (displacement limits, ete.) that are required from the
superstructure. For this reason, the type of foundation must be selected to suit the rype of the
superstructure. As the seismic design of foundations can not be considered separate from that of
superstructures, the safety of the overall structure must be well bewared through the analysis with a
detailed model composed of superstructure and foundation.

Furthermore, foundations generally are difficult to repair, requiring significant time and moncy for the
repair work. For this reason, the seismic performance of foundations must be determined taking into
consideration economic factors and its relationship with the capacity of the superstructure,

It is difficult 1o use a method which merely allocates large capacity to foundation members to not only
provide sufficient seismic performance of a structure subjected to a severe earthguake while designing
it economically. Accordingly, the seismic standard allows plastic deformation of the foundation, and
prescribes verifying that the foundation possesses sufficient deformability.

b) General Seismic Design Methods for Foundations

Appropriate seismic performance must be set for foundations, and indices for evaluating the
performance are also required.

For the seismic performance of foundations, the stability level is categorized in to three levels as
shown with the load-displacement curve obiained by a pushover analysis in Figure 15. Evaluation
indices include the damage (plasticization) of surrounding soil that supports the foundation and
damage to component members. Member damage levels are set based on the methodology shown in
Figure 14 and Table 4. On the other hand, the damage level of the subgrade (extent of plasticization)
must basically be set based on loading test resulls obtained using scale model foundations tested for
large displacement region or actual structures, because the damage level varies according to the type
of foundation.

Further, in the computation of response values of foundations wsing dynamic analysis, the hysteresis
characteristics of the foundation based on plastic deformation of the ground must be modeled
appropriately. These are set based on vibration test results oblained using scale model foundations
tested for large displacement region,

Generally, foundations should be designed to exceed the capacity of the superstructure sinee it is
difficult to diseover damages in foundations afier an earthquake and extremely expensive to perform
repair or strengthening. However, in the case of foundations for wall type piers that have considerably
large capacity in the transverse direction, the foundations should be designed so that seismic energy is
absorbed by plastic deformation of the foundation since it is not always rational to design foundations
to exceed the capacity of the superstructure. Bul, since it is nod desirable 1o increase the plastic
deformation of foundations, limit values are determined for the ductility factor of the foundation as
shown in Table 9, in order to prevent excessive residual deformation from occurring.
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Table 9 Ductiity Factor Limit Values for Foundations

Dutility Factor Limit Values for
Foundation Stability Level Frundations
Spread Foundution Pile Foundation
Stability level | i i
Stahiliy level 2 ] 15
Stabality leve] 3 [ 4

¢)  Seismic Deformation Method

In the seismic design of foundations, the foundations are generally designed to support the inertia
force of the superstructure. In cases where, however, the ground is soft, a large displacement occurs in
the ground that sometimes considerably affects piles. The seismic deformation method has been
traditionally adopted to consider this influence.,

With the seismic deformation method, the ground displacement and the ineriia force from the
superstructure acts on the foundation to check its safety, With the allowable stress design method,
however, the horizontal force obtained by multiplying the design seismic coefficient with the weight
of superstructure acts as the inertia force, and then the ground displacement is added. However, since
i} the response acceleration of structures varies depending on the relationship between the natural
periods of the ground and structure and i) a time difference exists in the occurrence of the maximum
values of ground displacement and response acceleration of the structure, they must be appropriately
assessed so that foundations are rationally designed. Figure 19 shows the procedure for computing
response values by the seismic deformation method used in the seismic standard.

When the design natural period of surface ground T, is longer than 0.5 seconds, or the standard
penetration resistance (N value) and the layer thickness maiches specified conditions, the amount of
horizontal displacement of the ground during an earthquake is considerable. The influence of not only
inertia force but also ground displacement increases in deeply embedded foundations (excluding
spread foundations). So, the influence of both inertia force and ground displacement must be
considered as an effect of earthquakes.
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Figure 18 Fiow Chart for Computing the Response Value of Foundation Structures by Seismic Deformation Mathod

{3) Scismic Design of Embankment Structures
a) Basic Concepls
Until the 1995 Hyogoken-Nanbu Earthquake, embankments were constructed without implementing
seismic design since recovery afler a disaster was simple. However, this earthquake prompied the
application of seismic design to embankments. This is because linear structures such as railways
remain unusable if the safety of all structures is not continuously maintained. Thus required seismic
performance must be maintained for carth structures as well.
General embankments are basically constructed based on “Design Standards for Railway Structures
and Commentary (Earth Structures),” and seismic performance is accounted for according to the
structural details in the standard. However, seismic design is now conducted on important
embankments at i) locations where severe damage in an earthquake is anticipated judging from
embankment shape, geographical features, geological conditions, history of past disasters, and ii)
locations where high seismic performance must be provided. Figure 20 shows the flow for the seismic
design of embankments.
The main embankments that are likely to be damaged judging from the experiences of past disasters
are as follows: a) embankments on soft ground, b) embankments on slopes, ¢) embankments at
boundaries between cutting and embankment, d) embankments on ground with sloped bedrock, and e)
particularly high embankments.
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Figure 20 Flow Chart for Selsmie Design of Embankments

b) Computing Embankment Response Values

In computing embankments response values, the safety factor with respect o Level-1 earthquake
motion is obtained by the circular arc slip method. For Level-2 carthquake motion, however, a
required safiety factor of more than 1.0 cannot be ensured by the circular arc slip method. Instead, the
amount of residual embankment deformation is computed by adding, i) the amount of residual
deformation caused by deterioration of the deformation coefficient, and ii) the amount of deformation
caused by liquefaction of soft ground as necessary, to the amount of sliding deformation, which is
computed by the Newmark method. However, the amount of deformation computed by this method is
fairly unreliable because of the low-level of accuracy when accounting for the heterogeneity of the
ground and embankments.

Figure 21 illustrates the amount of embankment settlement during an earthquake.
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c)  Verification of Seismic Performance of Embankments

The seismic performance of embankments is set based on the difficulty of recovery of a structure after
an carthguake, The amount of settlement is used as the evaluation index in considering computational
BECUTCY.

The seismic performance levels of embankments are defined as follows,

Deformation level 1: No damage due to slipping failure and almost no residual displacement
oceurs.

Deformation level 2: Damage where slipping failure occurs, accompanied by small or slight
residual displacement,

Deformation level 3: Damage where considerable residual deformation of embankment and the
ground occurs, and where pantial reconstruction of embankments is
required.

Deformation level 4: Damage where destructive failure of embankments is caused by the
liguefaction of the ground, and where total reconstruction is required.

Deformation levels 1, 2 and 3 correspond to Seismic performance [, 11 and [ of structures,
respectively. Therefore, Level-1 earthquake motion must be verified to satisfy deformation level 1,
and Level-2 earthquake motion must be verified to satisfy deformation level 2 or 3 according to the
importance of the embankments.

Tables 11 and 12 show extent of damage and standard setflement amounts for embankmenis and
abutments,

Table 11 Degree of Damage and Standard Setbement Amounts for Embankments

Dheformation Level Diegree of Damage Extent of Settlement Amount
1 Mo damape No damage
2 Slight damape Setilemment amount less than 20 cm
3 Recovery possible by temporary measwres | Settlement amount more than 20 cm and less than 50 cm
4 Long time requirsd for recovery Settlement amount moee than 50 am

Table 12 Dagres of Damage and Standard Sedtlament Amounts for Abutmants

Dieformation Level Extent of Damage Extent of Settlement Amoumnt
1 Mo damage N damage
2 Slight damage Differentinl settbement at abatment back bess than 10 cm
3 Recovery possible by temporury measures | Dafferentinl seltbenent ol sbutment hack less than 20 cm
4 Long time requiresd for recovery Settlement ammet more than 20 cm
=22.
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(4) Seismic Design of Retaining Walls and Abutments
If the overtuming or tilting of the main body or the failure of a concrete wall body at retaining walls and
abutments oceurs, it would become a large problem because time-consuming repair work is required. Since
the major function of retaining walls and abutments is to bear carth pressure, its deformation during an
earthquake has a high possibility to be cumulated in one direction. This phenomenon should be considered
in seismic design. The following describes seismic design mainly for retaining walls.
a)  Loads to be Considered
Earth pressure and the inertia force are typical loads that act in wall bodies during an carthquake.
These loads are strongly influenced by the characteristics of earthquake motion at the ground surface,
The earth pressure during an earthquake is determined by the behavior of the backwall soil and the
retaining wall bodies. The pressure varies because of phase differences between them due to the
yielding of the wall and plasticization of backwall soil. However, since the various soil constants of
backwall soil cannot be accurately ascertained and phenomena, such as the rubbing-in of soil into the
gap between the back ground and wall body by vibration, oceur, the structure and back ground are
considered, in design, to behave in the same phase. In other words, the behavior of a siructure is
assumed 1o be mainly govemed by that of back ground, and, in practical terms, the acceleration of
earthquake motion of the ground surface may be used o compute the pressure,
In the seismic standard, a new method is prescribed to provide an appropriate active earth pressure
when subjected to large carthquake motion based on the experiences of disasters and model vibration
test resulis.

b) Computing Response Values of Retaining Walls

The dynamic analysis methods should be basically used in the computation of the response values of
retaining walls. However, the deformation during an earthquake has a high possibility to be cumulated
in one direction at retaining walls, so it makes difficult to model the structure and back ground
properly. For this reason, the load-displacement relationship is computed by static nonlinear analysis
(pushover analysis) to determine the yield point, and the Newmark's equal energy criterion shown in
Figure 22 is introduced to compute the response values.

Figure 23 shows an example of a structural analysis procedure for Level-2 earthquake motion,

Lond DuetElity Esctor = maximum seismio displacement'yield displscement

For maximum seismic deformation

Vield posni

Vield displncement  Maxinusm wmm
Figure 22 Newmark's Equal Energy Criterion

-23-
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Figure 23 Flow of Structural Analysis for Retalning Wall subjected 1o Level2 Earthquake Motion

¢)  Verification of Seismic Performance of Retaining Walls

Three indices a) stability level of the foundation, b) damage level of wall bodies and ¢) residual
displacement (maximum displacement) are used to express the seismic performance of retaining
walls.

Slightly severer limit values are set for the retaining wall because the stability level limit values
prescribed for pier foundation give unsafe judgment for the retaining wall of which deformation
cumulates in one direction, The damage level of wall bodies, on the other hand, is following that of
members. The residual displacement is difficult 1o evaluate, so it is merely recommended 1o restrict
the settlement of backwall soil of abutments within a range that permits slow-speed running after an

earthquake.

(5) Scismic Design of Underground Structures, Such as Cut and Cover Tunnels

As the cut and cover tunnels are located in the ground, it had been considered penerally 1o be safe with
respect to earthquakes. For this reasom, there were no clear seismic design provisions. However, the
following iz now prescribed in the seismic standard because the cut and cover tunnels suffered severe
damages due to shear failure of the center columns in the 1995 Hyopoken-Nanbu Earthquake:
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a) Basic Concepts

The behavior of underground structures like cut and cover tunnels subjected to earthquake motion is
stromgly influenced by the behavior of the surrcunding soil. For this reason, it is important in the
seismic design to precisely undersiand the behavior of the soil during an earthquake and to consider
the dynamic interaction between the structure and the ground, The nonlinearities of the soil and
component members of the structure also must be taken into consideration as they become
considerable during severe earthquake motion,

Therefore, in the seismic design, verification of the safety of structural members is generally
conducted computing the behavior of the ground during an earthquake and the response of structures
(deformation and stress) subjected to ground displacement.

b} Computing Response Valees of Cut and Cover Tunnels

When computing response values of cut and cover tunnels, it is important to adopt the evaluation
method taking inlo consideration the dynamic interaction between the soil and the structure. For this
computation, it is ideal to use the finite element method that can evaluate dynamic interaction
behavior by modeling both the soil and structure simultaneously. However, for the practical design,
the seismic deformation method which computes the dynamic behavior of surrounding soil and then
applies statically the oulcome displacement to the structure through the subgrade reaction is used. In
this case it is important to evaluate sppropriate soil constants and compute the subgrade reaction.
Figure 24 shows schematics of the method to apply lnads in the seismic deformation method.
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Figure 24 Schematics of Loads According to Seismic Deformation Mathod

) Venfving the Seismic Performance of Cut and Cover Tunnels

The member damage level and stability level are taken as indices for evaluating the seismic
performance of cut and cover lunnels.

Member damage level | should be satisfied for each of the members to ensure seismic performance 1
agamst Level-1 earthquakes. On the other hand, seismic performance 11 should be ensured for Level-2
earthquakes based on the imporance of cut and cover tunnels and difficulty of repair after an
earthquake. In accordance with this, damage level 2 should be satisfied for members that support
trains and members (e.g. floor slabs and sidewalls) that are difficult to repair due to contact with
peripheral ground, while damage level 3 should be satisfied for other members.

Though the stability level generally does not need to be verified in general, the stability (seitlement or
uplif) of the structure should be verified when ground liguefaction occurs.

=25
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V DESIGN GUIDEBOOK, DESIGN EXAMPLES, AND DESIGN SOFTWARE
A design guidebook, design examples and design software are available so that new design methods
prescribed in the seismic standard can be used smoothly in the practical design.

1. Design Guidebook and Design Examples
The following are available as the design guidebook and design examples of the seismic design.
a) Design Guidebook for Verification of Bridges and Viaducts
b) Design Example for Reinforced Concrete Piers {Spread Foundations)
¢) Design Example for Reinforced Concrete Piers (Pile Foundations)
d) Design Example for Caisson Foundations
e} [Design Example for Pile Foundations (Influence of Liquefaction/Lateral Flow of Soil)
f)  Design Example for Pile Foundations (Seismic Deformation Method)
g)  Design Example for Abutments
h) Design Example for Cut and Cover Tunnels (Seismic Design)

2. Design Software

(1) Seismic Design Software Package: SNAP

A design software compliant with the seismic standard and essential for practical design is available. The
scismic design software package including the core program SNAP (Static Nonlinear Analysis with
Pushover-analysis) covers bridges, rigid frame viaducts, cut and cover tunnels, retaining wall/sbutment
structures, steel pipe sheet foundations, caisson foundations, and various other structures.

Also available is a ground liquefaction judgment program based on a cumulative damage theory with
respect o Level-2 earthquake motion.

(2) ASCARS (Assessment Program for Seismic Capacity of Railway Structures)
A program thal can take into consideration entire structural systcms ss a frame analysis model in
compliance with the seismic standard, and that computes response values according to design earthquake
motion and verifies seismic performance, is available,
a) Types of structures covered by this software
= A bridge picr, rigid frame viaduct, arbitrarily shaped structures
e Pile foundation, spread foundation and foundation modeled by springs.
The amangement of the members and foundation shape are arbitrary. They are directly modeled using
nodal point coordinates.
b) Members covered by this software
& RC (Section shapes with rectangular, circular, T, oval and arbitrary), SRC (Section shapes with
rectangular, circular, and T), Steel (Section shapes with rectangular and circular), CFT (Section
shape with circular)
s Other: nonlinear characteristics can be directly modeled.

=26=
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Outline of Design Standards for Raliway Structures and Commentary (Seismic Design)

The English edstion of the outline of the “Design Stundards for Railway Structunes and Commentary
(Seismic Desipn}” was produced by the Rallway Technical Rescarch Institate (RTRI) o introduce
one of the advanced milway technologies established in Japan.
The provisions of the original standard, writlen in Jupanese, are the fruits of discussions in the
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Railway Technical Standard in the Philippines
Chapter 1 General

1.1 Definition of Terminology

The main technical terms are defined below.

(1) Track gauge : shortest distance between inner side surfaces of two rail heads of a track
measured

(2) Main line: track constantly used for train operation

(3) Siding : track other than amain line

(4) Station : place used by passengers to get in and out of trains or for the loading and unloading of
cargo

(5) Signaling yard : place mainly used for mutual passing or waiting for atrain

(6) Shunting yard : place mainly used for the shunting of rolling stock or the composition of atrain

(7) Station, etc. : inclusive term for a station, signaling yard and shunting yard

(8) Depot : place mainly used to accommodate and maintain rolling stock

(9) Rolling stock : locomotives, passenger cars, freight cars and special-purpose cars (rolling stock
with special structure and equipment, including a track tester and accident relief car, etc.) used
for railway business

(10) Train : agroup of rolling stock composed for operation on track outside a station, etc.

(11) Motive power units: electric or internal combustion rolling stock

(12) Block : Simultaneous operation of two or moretrainsis not allowed in this section

(13) Operation safety devices: signaling safety devices, level crossing safety devices and safety
communication devices

(14) Railway signas: signals, signs and markers

(15) Signals : objects indicating the operating conditions of atrain, etc. to railway staff

(16) Signaling safety devices: devices to display railway signals and devices to automatically
reduce the train speed or stop atrain, etc. in accordance with the signal indication in order to
ensure the safe operation of atrain, etc.

(17) Signs: physical movement and so forth to mutually indicate intentions between railway staff

(18) Markers : objects indicating the position, direction and conditions, etc. of specific items to
railway staff

(19) Disabled persons: persons who find it difficult to travel by rail without help due to a physical
reason(s)

1.2 Preparation of Implementation Standards
1.2.1 A railway proponent shall prepare “Implementation Standards’ based on the Technical
Standards prior to the construction of a railway line and shall submit them to the Department of
Transport and Telecommunications.
1.2.2 The DOTC shall be entitled to issue an order to alter the “Implementation Standards”.

1.3 Prevention of Construction Accident
Slope, cut, excavation, embankment, piling, etc. of railway facilities shall be constructed so as not to

cause any harmto persons.

1.4 Prevention of Loud Noise
Railway operator shall striveto prevent loud noise due to train operation.

1.5 Act on Promotion of Smooth Transportation, etc.

Railway operator shall provide facilities for smooth transportation, etc. of elderly persons, disabled
persons, etc.
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Chapter 2 Personnel

2.1 Security of safe operation
Railway operator should strive to ensure the security of train operation, etc. by use of railway
employees knowledge, their skill and operation-related equipment.

2.2 Education and Training of Railway Employees

2.2.1 Railway operator shall provide the necessary education and training for those railway
employees directly related to train operation.

2.2.2 Qudlification of Railway Employees (Obtaining of Certificate) Motive power units (electric
rolling stock; internal combustion rolling stock) shall only be operated by those who have obtained
the certificate for train drivers published by DOTC or official agencies.

Chapter 3 Tracks

3.1 Gauge and Slack
The gauge shall be decided to ensure the smooth running of rolling stock, taking the structure of
vehicles and others into consideration. At curves, appropriate slack shall be provided in accordance
with the curve passing performance of rolling stock.

3.2 Railway Alignment
A curve radius and a grade shall be decided to ensure the high-speed and mass transport, taking the
maximum speed and the traction load, etc. into consideration.

3.3 Curve Radius

3.3.1 An appropriate curve radius shall be adopted based on the standard minimum curve radius to
ensure the smaooth running of rolling stock, taking the curve passing performance and running speed
of vehicles and the cant, etc. into consideration.

3.3.2 In the case of a curve aong a platform, its radius shall be as large as possible to ensure the
smooth boarding/alighting and safety of passengers.

3.4 Cant
A circular curve shall be provided with cant in accordance with the gauge, radius of curve and speed
of rolling stock, etc. It must be ensured that the largest value of the cant will not adversely affect the
stability, etc. of rolling stock which is either travelling at alow speed or which is stationary.

3.5 Transition Curve
A transition curve shall be provided between a straight line and a circular curve or between two
circular curves depending on the structure, degree of cant and travelling speed of rolling stock, etc.

3.6 Grade
The grade of the track shall be determined in consideration of the power performance, braking
performance and speed of operation, etc. of rolling stock and the standard steepest grade for main
linesis given below. A grade as gentle as possible shall be introduced on amain line along a platform
and storage siding, etc., taking the rolling motion, etc. of rolling stock into consideration.

3.7 Vertical Curve
In places where the grade changes, a vertical curve shall be introduced to prevent the derailing of
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rolling stock and to prevent any unpleasant feeling on the part of passengers, taking the speed of train
operation and rolling stock performance, etc. into consideration.

3.8 Construction Gauge
The construction gauge shall be determined to ensure the safety of rolling stock and passengers, etc.
vis-avis the pitching or rolling, etc. of travelling rolling stock and no structure shall be introduced
within the construction gauge.

3.9 Width of Formation Level
The width of the formation level shall be determined to ensure the safety of passengers and workers,
etc. in consideration of the pitching motion of travelling rolling stock and the track structure, etc.

3.10 Center-to-Center Distance of Adjacent Tracks

3.10.1 The center-to-center distance of adjacent tracks shall be determined by adding a margin to the
width of rolling stock in consideration of pitching motion to ensure its safety and of the passengers.

3.10.2 This distance shall be widened at curves, etc. in response to the expected swaying, etc. of rolling
stock.

3.11 Track and Civil Engineering Structures
Track and civil engineering structure shall be determined to ensure the safety and security of the
rolling stock and railway facilities in consideration of the structure of rolling stock, train weight and
sub-grade conditions, etc.

3.12 Building Construction
Buildings shall be constructed so as hot to compromise the safety of the rolling stock and passengers.

3.13 Disaster Prevention Devices, Safety Devices and Evacuation Devices
Disaster prevention and safety devices shall be installed to avoid entry of unwanted persons and of
falling objects onto the tracks. Similarly, measures shall be applied to prevent damage to the facilities
which may be brought about by accidents or any untoward incidents happening in the perimeter area.
In addition, evacuation devices designed to safely guide passengers at the time of an accident or an
emergency will be set up.

3.14 Underground Station Facilities
Underground Station, tunnel connected to this station and long tunnel shall be equipped with
ventilation facilities to meet its specified capacity.

Chapter 4 Station Facilities

4.1 Track Layout of Station

4.1 Specifications for station facilities such as effective track length, platform length/width, etc. shall be
determined so as to ensure smooth train operation with consideration for passenger safety.

4.2 Smooth transfers between railway line
Railway proponents shall plan through train services by constructing or improving railway facilities
in cooperation with other railway proponent, or, shal plan the stations in the same location with or
adjacent to the stations of other railway lines to facilitate transfers between railway lines by
proponents.
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4.3 Smooth transfers between railway and road-based and other modes of transport
Railway proponents shall plan appropriate type of station plazas in cooperation with relevant road
management agencies/operators prior to the construction or improvement of railway facilities to
allow smooth transfers from road-based and other modes of transport.

4.4 Depot

Depot shall be capable of sufficient capacity of stabling area in accordance with rolling stock to
introduce.

Chapter 5 Power Facilities

5.1 Contact Line

5.1.1 A contact line, a feeder line, its attached equipment and electric wire, and protection facilities shall
be installed according to a situation of installation place, a method of installation and a standard

voltage so as not to cause any electric shock and/or fire.

5.1.2 Contact lines shall be capable of collecting power evenly and continuously in accordance with the
speed of the train and the power collection method of the rolling stock.

5.1.3 The voltage of contact lines shall be maintained at a stable level sufficient to ensure smooth train
operation.

5.1.4 Return rail shall be designed in such a way that the leakage current from rail to ground is
minimized.

5.2 Substations
5.2.1 Substations shall be constructed in such away that their safety and security are ensured.

5.2.2 Substation equipment shall have the capacity to meet its specified load as well as withstand
specified overloading conditions.

5.2.3 Substations shall have a power control center, and shall be equipped to cope with failures.

5.2.4 Substations shall be designed such that other substations can provide the power required for train
operation even when one of the substations is down.

5.3 Electrical Facilities
An electrical equipment, a distribution board and same others shall be installed so as not to cause any
electric shock and/or fire.

5.4 Lighting Facilities
Lighting facilities shall be provided inside and under the stations and tunnels to facilitate the
boarding/alighting of passengers and to guide passengers to safety in case of emergency.

Chapter 6 Operation Safety Devices

6.1 Installation of Operation Safety Devices

6.1.1 Railway lines shall be equipped with operation safety devices.
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6.1.2 Operation safety devices shall be installed so as not to cause any harm to the safe operation of a
train, etc. even if they experience a malfunction.

6.2 Devicesto Ensure Safety between Trains

6.2.1 A device to ensure a block section shall conform to the following criteria. It must make the signa
indication corresponding to the conditions of the block section on the route or guarantee the block
section.

6.2.2 A device to control the distance between trains shall conform to the following criteria.

a. It shall be capable of indicating the signal in accordance with the distance to a train, etc. on the
route.

b. It shall automatically reduce the train speed or stop the train at a position to prevent a collision or
derailing in accordance with the distance between trains or the track conditions.

6.2.3 A device to ensure safety between trains in a single track section shall be capable of preventing the
simultaneous operation of trains running in opposite directions.

6.3 Indicating Device of Railway Signals

6.3.1 The structure, indication method and installation method of an indicating device for railway signals
shall be capable of making the correct signal indication to prevent the erroneous recognition of a
signal.

6.3.2 A signa device shall be installed at the starting point of a block section, and a corresponding signal
indication device shall be installed at a point in rear which enables a train to reduce its speed in
accordance with the signal indication or to stop.

6.3.3 At acrossing or branching site, a signal indicating device shall be installed in a suitable position to
prevent derailing or the disruption of aroute by another train, etc.

6.3.4 In the case of a cab signal, the starting point of the block section shall be indicated depending upon
the need.

6.4 Interlocking Device
6.4.1 Aninterlocking device shall be installed at a crossing or branching site.

6.4.2 An interlocking device shall be capable of mutually interlocking a signaled route and other signals
and points which may disrupt operation on the signaled route.

6.5 Remote Control Device

6.5.1 A device which remotely or automatically controls an interlocking device shall not disrupt the
locking function of the interlocking device.

6.5.2 When the manual control of a remote or automatically controlled interlocking device is intended,

there must be a system at the control station to display the presence of atrain, etc. on the track and
other information.
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6.6 Automatic train stop of decelerating device
When trains are operated in block system equipment capable of automatically stopping train or
decelerating its speed according to train conditions as well as signal indication shall be instaled,
except train can be safely depending on the status of train operations as well as the condition of
tracks.

6.7 Automatic Train Operation Device
6.7.1 Automatic Train Operation device on driverless train shall conform to the following requirement.
a. It must not make atrain leave until safety of passengers is guaranteed.

b. It shall be capable of making target speed lower than speed directed by control information based
on device to control the distance between trains. In addition, required functions on operation safety
will be set up, such as smoothly running speed, etc.

c. It shall automatically stop the train at the place not to compromise the safety of passengers.

6.8 Train Detection Device
A train detection device used for the operation safety system shall be capable of detecting atrain, etc.
without fail while preventing any disruption of its function by induction, etc.

6.9 Communication System for Safety Purposes
A communication system for safety shall be installed between such facilities as stations and so forth,
substations, operation command centre and power command office, etc. for safety and operational
purposes.

6.10 Installation of Communication Cables
Overhead communication cables shall be installed at a sufficient clearance/distance so as not to
disrupt other means of transport and shall not contact power cables in order to avoid any physical
harm to persons.

6.7 Railway Crossing Safety Facilities

6.7.1 Railway crossing safety facilities shall be provided at railway crossing.

6.7.2 Railway crossing safety facilities shall be capable of informing the approach of a train to persons
using the crossing road and of shutting down traffic on such aroad with the approach of atrain. They
must be at least capable of informing that a train is approaching even if other operations are
impossible due to the specific circumstances of the facilities.

6.7.3 Railway crossing safety facilities shall have an additional device to inform of an obstruction on a
crossing road by an automobile if such an additional device is deemed to be necessary considering the
train speed, traffic volume on the road and railway track and types of passing automobiles, etc.

Chapter 7 Ralling Stock

7.1 Size Limits of Rolling Stock

7.1.1 Rolling stock shall not exceed the specified size limits of rolling stock.

7.1.2 Height of anti climber shall be identical.
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7.2 Constrains with respect to Tracks and Structures
Rolling stock shall not impose a heavier burden than that bearable by tracks and structures.

7.3 Stability
Rolling stock shall be capable of providing a stable running performance under the anticipated conditions.

7.4 Running Gear

7.4.1 Running gear shall be solid with sufficient strength, shall be capable of ensuring the safe as well as
stable running of rolling stock and shall not damage the track.

7.4.2 The distribution of the axles of a car shall allow passing of the minimum radius of the running line
without any problems.

7.4.3 The suspension mechanism shall have a sufficient buffer capacity and should be capable of securing
stable shock absorbing movement against shock from the track.

7.5 Motive Power Apparatuses
7.5.1 Electric equipment of electric circuits of rolling stock shall conform to the following criteria.

a. Electric equipment shall not cause electric shocks and/or fire accidents when thebreakage of
electric insulation takes place.

b. Electrical equipment shall not cause any inductive disturbance to other electric circuits.
c¢. Current collecting device shall be that which can ensure electric insulation against the car body and
which can smoothly follow contact wires while running.

d. Pantographs of atrain shall be able to be simultaneously folded from crew cabin.

7.5.2 A motive power apparatuses shall be installed so as to prevent the floor and walls from generating
heat or causing afire.

7.6 Brake Equipment
7.6.1 The brake equipment of rolling stock shall conform to the following criteria.

a. The brake equipment shall be capable of reducing the speed or stopping rolling stock in motion
without failure in accordance with specified conditions.

b. Brake equipment shall be controlled throughout all cars in formation when operated from the crew
section.

c. Brake equipment shall automatically produce braking force in case any of cars in formation is
disconnected.

7.6.2 Rolling stock shall be equipped with an independent braking function depending on the type of
rolling stock in case of failure of the normal brake equipment.

7.7 Car Body Structure

The body of rolling stock shall be solid with sufficient strength and shall be able to withstand
operation under the anticipated usage.
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7.8 Structure to Mitigate Excessive Noise
Rolling stock shall have a structure which mitigates excessive noise generated by the running train.

7.9 Structure of Crew Cabin
7.9.1 The crew Cabin shall have a doorway for the crew and shall be so structured to protect the operation
of the crew from passenger interference. Devices and equipment required for train operation shall be

protected so that they cannot be touched by passengers.

7.9.2 The front and sides of the crew section shall provide the view required for operation by the crew in
accordance with the operating conditions.

7.10 Structure of Passenger Cabin
The structure of passenger cabin shall conform to the following requirement.

a. Windows shall have sufficient strength and shall not touch any wayside structures at open
condition and there shall no possibility for passengers to fall down from windows.

b. The passenger room shall have lighting equipment required at night or when running through
tunnels, and shall be maintained enough brightnessinc calse of emergency.

c. Toilets shall be provided depending on the usage and operation distance of rolling stock.
d. At least one car of the passenger train shall be provided with a space to accommodate wheelchairs.
7.11 Structure of Passenger Door

7.11.1 Passenger door will have a structure which ensures the safe and smooth boarding and alighting of
passengers and there shall be no danger of passengers stumbling.

7.11.2 Thelevel difference between the doorway and the platform shall be as small as possible.
7.12 Automatic Door Control Device

7.12.1 The automatic door control device installed at the doors of passenger doorway shall be capable of
securing the safety of passengers while the rolling stock is running and shall allow the simultaneous
opening or closing of al doorsand shall be ableto confirmation of the door status by the crew.

7.12.2 The doors equipped with an automatic door control device shall allow their manual opening in case
of an emergency.

7.13 Structure of Gangway
A gangway shall have a structure which allows the safe and smooth passage of passengers.

7.14 Structure of Emergency Exit
When arrangement of door is not easy for the passengers to escape in emergency rolling stock shall
have emergency exit and such emergency exit should be easy for train crew to confirm the whether it
isopen or close.

7.15 Coupling Device

The device required to connect rolling stock shall be solid with sufficient strength and shall be
capable of connecting the cars securely withstanding vibrations and impacts.
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7.16 Structure of Rolling Stock for Transport of Special Cargo
Tankers and other freight cars for the transportation of special cargo shall have a structure to prevent
disasters originating from the said cargo.

7.17 Equipment of Driver's Cabin
The crew cabin which is used to operate rolling stock shall be equipped with such devices and
equipment as acceleration and deceleration control and others required for operation in accordance
with the usage of rolling stock.

7.18 Air Compressor and Accessories
The air compressor (source of compressed air) shall be capable of preventing abnormal rise of the
compression pressure and functional decline due to the water produced by air compression.

7.19 On-Board Devices
On-board devices shall conform to the following criteria.

a. Ralling stock shall be equipped with device which allow verbal communication or the exchange of
signs between crew members or between a crew member and ground staff, depending on the facility
conditions.

b. The car at the front end of the train shall have a device capable of warning of danger by means of a
whistle at its front end.

7.20 Marking on Rolling Stock
Rolling stock shall have a marking which allows the identification of individual cars.

7.21 Fire Prevention for Rolling Stock

7.21.1 Onboard wires shall not cause fire or spreading of fire even in the presence of anticipated heat
generating sources.

7.21.2 On-board heat generating equipment shall not adversely affect other sections of rolling stock.

7.21.3 Vehicle body shall be composed of construction and materials which can prevent breaking out and
spreading of fire

7.22 Continued Functioning of Devices during Power |nterruption.
Devices designed to ensure the safety of train operation and passengers, and devices required for
passenger evacuation shall be capable of continuing their function for a specific period of time when
their main power supply is cut off.

Chapter 8 Maintenance of Facilities and Rolling Stock

8.1 Maintenance of Railway Facilities and Rolling Stock

8.1.1 Railway facilities shall be regularly maintained and inspected in a condition which permits the safe
operation of trains, etc.

8.1.2 Operation safety devices shall be maintained in a state which permits their accurate functioning.

8.1.3 Ralling stock shall not be used unless its condition allows safe operation.
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8.2 Inspection and Trial Operation of New Facilities and Rolling Stock, etc.

8.2.1 Newly constructed/installed, improved, modified or repaired tracks and electric power equipment
and newly built, procured or modified rolling stock shall only be used after satisfactory inspection
and trial operation.

8.2.2 Newly installed, modified or repaired operation safety devices shall only be used after satisfactory
inspection and trial operation.

8.2.3 When train operation is resumed after disaster or incident or suspended tracks and power supply
systems such tracks and power supply systems shall be inspected and if hecessary trial operation shall
be conducted before resumption of the facilities.

8.2.4 Wen rolling stocks are procured, modified or repaired such rolling stocks shall not be provided for
revenue operation before inspection and running test however modification or repair is minor
inspection and running test can be omitted

8.3 Patrolling of Facilities

8.3.1 Tracks and contact lines shall be patrolled in accordance with the condition of the line and
operation.

8.3.2 When there is a prospect of a natural disaster adversely affecting train operation, the relevant tracks
shall be monitored. If necessary, the operating speed of the said track shall be restricted or operation
itself shall be suspended.

8.4 Regular Inspection of Railway Facilities and Rolling Stock

8.4.1 In regard to the regular inspection of railway facilities and rolling stock, the interval, subject
sections and method of inspection shall be stipulated in correspondence with the type, structure and
conditions of use, etc. of such railway facilities and rolling stock.

8.5 Recording of Inspection Data

When the regular inspection of railway facilities and rolling stock is conducted, the inspection data,
location and contents shall be recorded and stored.

Chapter 9 Train Operation

9.1 Train Composition
The maximum number of connected cars of a train shall be determined based on the facility
conditions and the performance, structure and strength of the cars.

9.2 Brake Force

9.2.1 The integrated braking force of atrain shall be that which is suitable for the track conditions and
operating speed.

9.2.2 The details of the brake test for a train and the method of verifying its operation status shall be
stipulated separately.

9.3 Boundary of Station
The boundary of a station shall be the position at which the home signal or home marker is located.
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9.4 Emergency Braking Distance, etc. of Trains

9.4.1 The emergency braking distance shall be stipulated separately.

9.4.2 The braking mechanism of atrain shall be continuous braking.

9.4.3 Theratio of brake axlesto the total number of axles of the train shall be stipulated separately.
9.5 Train Operation

9.5.1 A main line outside a station shall only be used for train operation.

9.5.2 Departure, passing and/or arrival times at a station shall be pre-determined for train operation.

9.5.3 “Keep-right” or “Keep-left” shall be stipulated separately for the double-track sections where trains
are operated.

9.6 To Ensure Safety between Trains
Thetrain should be driven by either one of the following methods to ensure safety between trains.

a. By means of block section
b. By means of device to ensure safety between trains

c. By means of operation by sight of motive power unit's driver and taking conditions required for
safety operation of train into consideration

9.7 Backward Operation
In principle, a train shall not engage in backward operation, etc. However, this does not apply to
trains engaged in the repair work of tracks and other facilities, relief trains and trains in tria
operation.

9.8 Train Protection
When an abnormality occurs during train operation, the train shall be immediately stopped, and
measures for train protection shall be taken.

9.9 Track Closure

9.9.1 In principle, works on track facilities and electrical equipment shall be conducted while track is
closed and isolated from running trains.

9.9.2 The procedure for the designation, commencement and ending of track closure shall be stipulated
Separately.

9.10 Shunting of Rolling Stock
That the shunting of rolling stock shall be conducted using cab signals, shunting signals, guiding
signals and/or shunting markers, etc. and other requirements shall be stipulated separately.

9.11 Operation Speed

9.11.1 The maximum operation speed of atrain shall be determined taking the tracks, electrical lines and
structure of the rolling stock into consideration.
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9.11.2 Should reverse operation be required, the speed of operation shall be stipulated separately.

9.11.3 Speed limit, shunting speed, etc. which are indicated by signals shall be stipulated separately.

9.12 Safety between Trains

9.12.1 A train shall be operated by means of employment of the block system.

9.12.2 The substitute block system shall be stipulated separately.

9.12.3 The method of operation solely relying on the driver’s judgement shall be stipulated separately.

9.13 Railway Signals and Operation
A train or rolling stock shall be operated in accordance with the conditions indicated by the railway
signals.

9.11 Response to Natural Disaster

The procedure to be taken when there is a hazard vis-a-vis train safety due to meteorological
conditions (rain, wind or earthquake, etc.) shall be stipul ated separately.

Chapter 10 Reporting of Railway Accidents

10.1 Objective
The objective of the provisions of Chapter 10 is the prompt reporting and dealing with railway
operation accidents and incidents which impede railway operation in an assured manner.

10.2 Scope of Application
The method to report and deal with a railway operation accident of one's own company or such an
accident of another company which is related to the staff and/or rolling stock of one's own company
shall be stipulated separately.

10.3 Terminology
Such terms as “akilled person” and “an injured person”, etc. shall be stipulated separately.

10.4 Stipulations Regarding Railway Operation Accidents, etc.

10.4.1 Accidents shall be classified into railway operation accidents and incidents disrupting railway
operation.

10.4.2 A railway operation accident shall be an accident which entails casualties and/or material damage
resulting from the operation of atrain, etc.

10.4.3 An incident which disrupts railway operation shall be a minor accident which involves casualties

and/or material damage due to the operation of atrain, etc. and which does not fall in the category of
atrain operation accident. The scope of such an incident shall be stipulated separately.
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I nter pretation Guidelinesfor Technical Standard

1. Track Gauge
Track gauge is the most basic item to be identical for compatibility with rolling stock and track.
Track gauge is distance of inner side of two rails. It shall be measured 14mm below the level of rail top.

Track Gauge

rail top level )

~H
—

Figure*.1.1 Track Gauge

In the Philippines 2 types are applied for public transportation.

1,435mm : Linel, Line2, Line3

1,067mm: PNR
1,435mm is called as standard gauge and it is applied in many countries all over the world.
1,067mm is applied in the Philippines, Japan, Taiwan, Indonesia, New Zealand and some countries in
Southern Africa.  Considering the compatibility of railway network no other gauge shall be applied in
the Philippines.

2. Whesl Profile

Even the track gauge is identical it dose not mean that any train can run on the line even the structure
gauge is cleared. Wheel type is classified roughly into two groups, one is for heavy rail and the other is
for light rail like tram line.

Figure *.2.1 shows the wheel profile of Line 1.
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Figure*.21 Wheel Profileof Linel
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Figure *.2.2 shows the wheel of light rail and wheel of heavy rail putting at track center. Back gauge
heavy rail is smaller than that of light rail and flange width of heavy rail is bigger than that of light rail.

Wheel of Tight rail
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Figure*.2.2 Whed for Light Rail and Heavy Rail

Clearance of flange way at switch is highly related to the back gauge. Flange way of light rail is
narrower than heavy rail.

C1 clearance of check rail

C2 clearance of flange way at crossing
Figure*.2.3 Wheel Set at Turnout

In figure *.2.3 when back gauge of wheel (B) is smaller than dimension D wheel will be stacked at
crossing. Dimension D can be calculated by subtracting C1 and C2 from track gauge (A). Cl is
clearance between check rail and main rail and C2 is clearance of flange way at crossing rail.

In the projects of Line 1 C1 is specified 31mm and C2 is specified 37mm. Dimension B becomes
1367mm. Wheel of heavy rail cannot pass the switch of light way. Also there will be a risk of
derailment for the wheedl of light rail passing the switch of heavy rail.

Wheel profile shall be identical for the railway line.

3. Construction Gauge and Rolling Stock Gauge

Construction Gauge and Rolling Stock Gauge shall be defined so that trains can run safely on the line
without confliction with wayside structures or other trains. However such gauges are not clearly
established in the rules or regulations.

In case of capacity expansion of Line 1 only construction gauge and rolling stock shall be designed not to
hit to construction gauge in any case of operation. Rolling Stock supplier has to confirm by drawing
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kinematic envelope of rolling stock. Figure *.3.1 shows the construction gauge of Line 1 in tender
document and Figure *.3.2 shows kinematic envelop of third generation train submitted by rolling stock
manufacturer.

h ¢ 4 fm in open line {recommended value)
h : 5.8m in Light maintenance hall
h min, ¢ 4, 3m
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Figure*.3.1 Construction Gaugeof Linel
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Figure*.3.2 Kinematic Envelop of Third Generation Train (at tangent track)

In Japanese railway rolling stock gauge is defined and rolling stock supplier shall confirm that every part
of rolling stock is within the rolling stock gauge at static condition. It is simple and easier than drawing
kinematic envelope. Figure *.3.3 and Figure *.3.4 show the construction gauge of Japanese railway

applied for JR group.
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Structure gauge (base line)

Applied for DC electrified section except contact wire and hanging
device

Applied for tunnel, bridge, overbridge, show shelter and roof of platform
at DC electrified section except contact wire and hanging device

Applied for AC electrified section except contact wire and hanging device

Applied for tunnel, bridge, overbridge, show shelter and roof of platform
at AC electrified section except contact wire and hanging device

Applied for signals, markers, sign device and special tunnel and bridge
Applied for run-over type turnout
Applied for platform

Applied for fueling device, water supplying device and column of signal
at the section where only freight trains are operated and turntable,
weighing device, car washing facilities, entrance of inspection shed and
equipment for inspection at side track and column of roof for platform of
freight station

Figure*.3.3 Structure Gauge of Japanese Railway

12-69



1900

4100
4300

3150

1880

28|50

1160

2230

e
355|

1664

2240
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— .. — Applied for pantograph at locked down position
—=_0° _ Applied for pantograph at working positon
Applied for marks and indicator lump
— . —.— Applied for unsuspended equipment

Applied for sanding device, rail guard, brake shoe and other equipment
within the width of rim

Figure*.3.4 Roalling Stock Gauge of Japanese Railway

Figure *.3.5 shows combined figure with construction gauge, rolling stock gauge and body contour of
typical rolling stock. When the rolling stocks are constructed within the rolling stock gauge it is
guaranteed that rolling stock will not hit the structure gauge.
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Figure*.3.5 Construction Gauge and Rollins Stock Gauge of Japanese Railway

It is strongly recommended that rolling stock gauge is defined. It is not only for convenience for rolling
stock manufacturer but also it makes easier for engineers to confirm that rolling stocks are properly
assembled after maintenance work or modification. Figure *.3.6 indicates recommended rolling stock

gaugefor Line 1.
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Rolling Stock Gauge
— . — Applied for Pantograph

Figure*.3.6 Recommended Rolling Stock Gaugefor Line 1.

Combined figure with construction gauge, rolling stock gauge and contour of existing rolling stocks are
indicated in Figure *.3.7 Existing rolling stocks are all within the rolling stock gauge. Rolling stock
gauge are shifted and tiled in the figure to confirm it will not touch with construction gauge.

Thus if the rolling stock are constructed within the rolling stock gauge it can be confirmed that rolling
stock will not hit the structures without drawing kinematic envelope.
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Figure*.3.7 Construction Gauge and Rolling Stock Gauge Recommended for Line 1

4. Widening of Structure Gauge at Curvature

When train is on the curved track there is overthrow of car body end at outside of the curve and
overthrow of middle of the car body at inside of the curve. Construction gauge should be widened at
curve and in the construction gauge of Line 1 it is defined DI for inside and DE for outside.
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Figure*.4.1 Vehicle Overthrow at Curve

DI and DE can be calculated as follows.
Bogie Center is shifted to inside from track center.

Bogie Center

Figure*.4.2 Overthrow of Bogie Center

Overthrow of bogie center is calculated by following formula.
d=R-V{ R*— (Lo 2%
Where d: overthrow of bogie center (mm)
R: Radius of Curve (track center) (mm)
LO: Wheel base (mm)

Overthrow toinside is calculated by following formula.
DI =R-V{(R-d)?—(L. 2%
Where DI overthrow to inside (mm)

Ly distance between bogie center (mm)
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Figure*.4.3 Vehicle Overthrow to Inside of the Curve

To calculate overthrow to outside following formulais applied in general.
DE = V{(R-B/2—-DI)?+ (L4/2)} —R—B/2

Where DE: Overthrow to outside (mm)
B: Body width (mm)
Lo length of car body (mm)
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Figure*.4.4  Vehicle Overthrow to Outside

This formula can be applied for the rolling stock without articulation such as Line 2 rolling stock.

Overthrow to outside for the rolling stock with articulation is calculated as follows.
DE=V{(R-=B/2-DI)*>+ (L4/2 + C)*} —R—-B/2
Where  DE: Overthrow to outside (mm)

B: Body width (mm)

C: longitudinal dimension from bogie center to the edge of the body (mm)
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Figure*.45 Overthrow to Outsidefor Articulated Vehicle

Construction gauge should be widened at curved section according to those values.

At first phase of Line 1 DI and DE are defined based on first generation train and value is give by graph.
Figure *.4.6 shows the graph to obtain the value of DI and DE. However to read the value from the
graph is not accurate.

In Phase 1 of the capacity expansion project overthrow of the body was ignored. Both L1 (distance
between bogie center) and B (body width) of rolling stock introduce in the project (second generation
train) was longer than first generation train. Actually second generation train hit the platform and
platforms of some stations were grinded.
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Figure*.4.6 Graph of Over Throw used in Initial Phase

Formula to calculate DI and DE is very complicated and graph is not accurate. Calculation of DI and DE
can be approximate into following formulato simplify the calculation.
DI =AJ/R
DE=A./R
In the Phase 2 of Capacity Expansion Project following formulawas applied.
DI=12600/Ry,
DE=13500/Ry,
Where RM: radius of curvein meter (Ry=R/1000)
Contractor of infrastructure should consider that border of side of the construction gauge must be shifted
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to outside from track center depend of the curve radius.
Also rolling stock gauge can be widened at curved section.

5. Distance Between Track Centers

When the two tracks are constructed in parallel distance between track centers shall be considered so that
train can pass safely.  200mm is considered for rolling of the vehicle and 200mm is considered for safety
clearance and totally 600mm shall be considered between rolling stock gauges. In case of Line 1 3200mm
isthe appropriate value for distance of track centers at tangent track.

At the curved track DI and DE mentioned in previous section shall be considered.

0

200 1200

26/00 2600

3200

Figure*.5.1 Distance Between Track Centers

6. Height of Contact Wire and Pantogr aph Working Height
When height of contact wireis too high pantograph cannot touch the wire. When contact wireistoo low
there will be the risk of earth fault of electrification. Maximum height and minimum height shall be
specified and working range of pantograph height must cover these heights.  When electric system isDC
rolling stock will lower the pantograph in case of emergency. In that case there must be enough
clearance between contact wire and pantograph for arc extinction.
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Maximum Height

. Helght of
Pantograph Working Range Reqular Height Contact Wire

\ \ from Rall Tap

Minimum Height

Pantograph Locked Down Height ' &
/ \ at least 250mm

Figure*.6.1 Height of Contact Wire and Pantograph Working Height

InLine linitial phase heights of contact wire from top of rail is specified as follows.
Nominal (Regular) Height: 4600mm
Maximum Height: 6000mm
Minimum Height: 4300mm

Pantograph height of rolling stocks for Line 1 shall be specified as follows.
Pantograph working range:  less than 4300mm to more than 6000mm
Lock down height of pantograph: Iess than 4050mm

7. Horizontal Curve

In the main line bigger curve radius is more preferable so that train will not reduce the speed and ride
quality is better. In the depot operating speed is slow and there are no passengers inside the train curve
radius can be much smaller. Minimum radius of the curve shall be defined in the main line and in the
depot individually and rolling stocks shall be designed to pass the minimum radius of the curve in depot.
In Line 1 minimum radius of curve is defined 100m in main line and 25m in the depot.

Rolling stocks of Line 1 isrequired to have the capability to pass 25m radius curve without problem.

8. Horizontal Curveat Station

It is preferable that track along the platform is tangent because driver can view the side of entire train to
secure the safety and gap between platform and door edge is minimized.

When atrain is at the station in curved section and platform is outside of curve middle of train body will
overthrow to inside and platform edge is shifted to out side because of widening of construction gauge.
There will be big gap between platform and vehicle body. Also when platform is inside of the curve end
of vehicle body will overthrow to inside of the curve and platform edge is shifted to outside.
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Figure*.8.1 Gap Between Vehicle Body and Platform at Curve

In the structure gauge of Line 1 distance between platform edge and track center is defined as 1370mm at
tangent track. At curved section 1370mm+DI/DE is applied when curve radius is less than 700m and
grater than 250m. That means minimum curve radius should be 250mm. At tangent track gap between
door edge and platform is 75mm (2™ generation and 3" generation train) and when at 250m radius track
approximately 100mm bigger than the gap at tangent track. Much smaller curve at station shall not be
allowed by safety reason.

9. Cant or Super Elevation

Outer rail of the curve shall be raised to cancel the centrifugal force of the train running on the curve.
Value of super elevation is calculated by track gauge, curve radius and train speed.

When train is on the curved track and resultant force or centrifugal force and gravity is perpendicularly to
the vehicle floor passengers will not feel centrifugal force. In such condition following equality holds.
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centrifugal force

gravity force

\9

Figure*.9.1 Balancing Cant

Mxgxtanf= Mx v 2/ R
Where
M: mass of rolling stock (kg)
v: transpeed (M/s) v =V(km/h), 3.6
R: radiusof curve (m)
While 0is small tanfcan be calculated as follows
tan6=sinb=C/G
Where
G: track gauge (mm)
Cp:  balancing cant (super elevation) (mm)
Therefore balancing cant can be calculated as follows
Cp=Gxgx v ’R
Substituting following equation cant can be obtained below.
9=9.8(m/s)
v =V (km/h), 3.6
Cp =GxV?2/(127xR)

However train speed is not constant and sometimes train will stop on the curve.  Super elevation shall be
limited so that train can stand still safely on the curve and passenger will not feel uncomfortable in the
train when train stops on the curve. Maximum super elevation can be defined that gravity center
deviation of the rolling stock will not exceed one-sixth of track gauge from center of track.
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Figure*.9.2 Maximum Cant

Maximum cant can be obtained by following formula.
Cra=G,/ 6xG,/H=G?/ (6xH)
Where
Crax: Maximum cant (mm)
G: track gauge (mm)
H: height of gravity center or rolling stock (mm)
Gravity center height of rolling stock is depend on the design of rolling stock. Usually it is about 1.3m
to 1.4m from top of rail at tare condition but it will be higher at loaded condition.
In Line 1 maximum super elevation is defined 150mm.

As cant is limited above reason train cannot run fast at the section where cant is already maximum value.
However small excess of speed can be allowed so that train can run faster. Allowable cant deficiency is
defined and limited speed at curved section is calculated based on it.
Allowable cant deficiency should be determined in consideration of rollover outward of the curve by
beam wind and passengers riding comfort, etc.
Limited speed at curved track can be calculated by following formula.
V <N(127%(Cn+ Cy) / G)

Where

V : Train speed (km/h)

R : Radiusof curve (m)

Cm :Actua cant (mm)

Cq : Cant deficiency (mm)

G : Gauge (mm)

10. Transition Curve

When curved track connected with tangent track directly centrifugal force appears immediately into full
range when train is running from tangent track to curved track and it will make ride comfort worse. Also
cant cannot be applied appropriately of its required value. On main tracks, al curves (except those in
turnouts and those with a large radius) are connected to straight section through transition curves so that it
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will provide better ride quality and super elevation can be changed gradually within the transition curve.
In the transition curve theradiusis inversely proportional to the distance aong the curve.

curved track transition curve

transition curve

tangent track

Fig*.10.1 Transition Curve

transition curve

Fig *.10.2 Transition Curveand Super Elevation

The commonly-used shape of transition curve on railway is “clothoid curve’, “cubic parabola curve’, and
“sign half wavelength curve’.
The length of transition curves may be determined in one of three methods. The method which indicates
the greatest length shall be used.
The transition curve shall aso be where the cant is developed, in order to combine the effect of the
increasing curvature with the increasing cant.
The following formulas are shown as reference for design.
1) Length to avoid derailments by cant-over (L,)
L, =400xC,,/ 1000 (m)
2) Length which be derived from the comfort for passengers to which the speed of increasing cant
acts (L)
L,=V /3.6xCy/ Cyo (M)
3) Length which be derived from the comfort for passengers to which the increasing centrifugal
force acts (L)
L=V /3.6%(Cyxg) / (GXPy) (m)
Where,
V : Maximum speed in the curve (km/h)
Cn : Cant (mm)
Cmo : Limit speed of increasing cant (mm/sec) (for example 29~35 mm/sec)
Cy : Maximum cant deficiency (mm)
g : Gravitational acceleration
G : Gauge (mm)
P, :Limitg of increasing centrifugal force (g/sec) (for example 0.03~0.04 g/sec)
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11. Gradient

Considering the smooth train operation gradient of the line is the smaller the better. However steep
slope is often required because of landscape or grade separation with other traffic mode. When gradeis
too high train will be stocked on the slope. Maximum gradient shall be determined by the train
performance.

When a train becomes defective on the slope it will be rescued by other train.  Train shall be capable to
push other train at maximum gradient. When it is main line defective train is possibly full loaded.
When it is side track such as connecting line of depot to main line train are supposed to be empty
therefore maximum gradient at side track can be higher than main line.

In Line 1 maximum gradient at existing line is 2.5 % for main line and 4% for connecting line. It is
recommended to define these values as maximum gradient for Line 1 because performances of rolling
stocks are only verified with these values. However 2.5% is rather low for urban railway and when
there is necessity to construct higher gradient due to land condition performances of rolling stock shall be
recalculated to confirm that rolling stocks is capable to climb higher gradient.

When there is curve in gradient train resistance in curve shall be added to determine the maximum
gradient. Equivalent grade in curveis calculated by following formula.

Ge=800,"R (standard gauge)

Ge=600,”R (1,067mm)
Where

Ge: Equivaent grade (%o)

R: radiusof curve (m)
For example defined maximum gradient is 4% (=40%o) and curve radius is 400m, 800, 400=2(%o) shall
be added to gradient as equivalent grade. Therefore 3.8% is the maximum gradient of this section.

12. Platform Height and Floor Height

Difference of platform height and floor height of the train should be minimized to enable smooth
transition from platform to train.

In Line 1 platform height is 690mm from top of rail and floor height of the train is 900mm for first
generation train and 920mm for second generation and third generation train. Height difference is little
bit big because platform height is limited by plug door of first generation train.

When doors of first generation train open door leaves

swing out above the platform. Platform height is

maintained lower so that door leaves will not hit the

platform.

Second generation train and third generation train

apply slide door and there a no issue of confliction of

door leaves and platform. Currently difference of

height for second and third generation trains are

230mm and it should not be bigger. Floor height of

rolling stock shall be maintained 920mm in

maximum.

Figure *.12.1 Plug Door of First Generation
Train

13. Height of coupler

In emergency case train will be towed or pushed by other train by coupling together. When height is
different it will be difficult to couple or connected incline. It will make vertical component at coupler
and this might cause the vertical buckling of the train. Coupler height shall be same with two trains and
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it shall beidentical in the sameline.

In Line 1 train coupler is not installed at front end however bracket and pin for towing bar is installed.
Towing bar can be attach to the end of car easily even the height of other car is different and towing bar
has enough length so that vertical component will not grow high therefore height of bracket may not
severely controlled.

14. Height of Anti-climber

In case of collision of the train damage is minimized when under frame hit the under frame of other train
because this is the most strong part in the rolling stock structure. However when one body rise higher
than other body and it will sometimes happen at the shock of collision car body will make damage on
other car.

underframe 7 m
po

Figure*.141  Collision without Anti-Climber

Anti-climber is installed at end car of Line 1 and Line 2. Role of anti-climber is to engage with
anti-climber of other the car in case of collision so that car will not climb on the other car to minimize the
damage. Therefore height of anti-climber shall be identical.

2> L
AA/nti-C”mb<A / |:>
M @ S S S T
Figure*.14.2  Collision with Anti-Climber
Anti-Climber Bracket for Tow Bar Anti-Climber Coupler

Line1 Train (3 Generation) Line2 Train

Figure*.14.3 Coupler and Aiti-Climber
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Height of anti-climber of current vehiclein Line 1 is 750mm.

14. Distance Between Bogie Center

Formula to calculate widening of structure gauge is based on the dimension of rolling stock. When
increasing the distance of bogie center it will increase overthrow to inside and when decreasing of
distance of bogie center it will increase overthrow to outside. Overthrow to outside can be limited by
cutting the body however overthrow to inside cannot be avoided unless reducing the width of body and it
dose not make sense. In case of Line 1 calculation of overthrow to inside is under condition of 10m for
distance between bogie center that is dimension for 2™ generation and 3" generation trains. Maximum
distance between bogie centers shall be defined to keep clearance with structure at curved section.

15. Maximum Speed and Deceleration

In recent railway system trains are secured to operate safely by onboard signaling system such as ATP.
Function of ATP is to stop the train before stop signal by emergency brake when driver overlook the
signal. Location to apply the brake is calculated from train speed and deceleration.  Function of ATPis
programmed based on train performance such as train speed and deceleration.  Also tracks are designed
based on maximum speed. Maximum speed and minimum deceleration at emergency brake shall be
defined.

16. Train Load

Maximum axle load can be calculated by adding passenger weight to the axle load at tare condition of
rolling stock that was calculated or measured by rolling stock manufacturer.  Following figure indicate
the axle load and loading point of Line 1 trains.

( 1st Generation Train \ (

O O O O O (OO @)
1,900 4,900 1,800 5,700 1,800 4,900 1,900 3,550
< M e—> |« — Pe———
of o g g 3 g & 5
( 2nd Generation Train \ (
C ) C C C O
2,310 7,690 2,310 7,690 2,310 4,190
1d7t 197t 107t 107t 107t 107t 107t
( 3rd Generation Train \ (
O O C @)
1,900 8,100 1,900 8,100 1,900 4,600
103t 1d3t 0%t 1d3t 10% 103t 173t

Figure*.16.1 Load Caseof Linel Trains
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Civil structure and tracks shall be constructed to withstand the loading condition of those rolling stocks.

In Line 1 while at initial phase loading condition to consider is only 1¥ generation train. Axle load of 2™
generation train is almost 20% higher than first generation train. Therefore it accelerated the
deterioration of the track. Currently train speed of Line 1 is restricted because of track condition except
north extension.

Normally structures are designed and constructed based on the loading condition of rolling stocks those
supposed to run on the tracks. Also maximum axle load of rolling stock shall be defined. It is
preferable to have margin between the axle load to consider for civil structure and maximum axle load for
rolling stock. It is recommended to define axle load to consider for civil structure is 11t and maximum
axleload of rolling stock is 10.5t.

17. Facilitiesfor Underground Railway
Currently there are no underground railways in the Philippines except short section in Line 3.
Several facilities are required for the underground railway to secure the safety.
(Ventilation)
Air and smoke ventilation equipments should be equipped at underground stations.
Smoke barrier should be installed between platforms and tracks and at staircases and or escalators at
stations.
In case temperature at underground stations is raised, air conditioning facilities should be equipped.

(Water)

Water supply and drainage facilities should be equipped.

Water supply is used for drinking water for passengers and station staff and fire fighting.

Sewage should be treated according to the sewage treatment standard of municipalities.

In tunnels and at stations in underground sections, Drain pump is installed appropriate for the track
gradient.

(Flood)

Cut-off panels of flooded water should be installed at the entry and exit of underground stations and
tunnels.

Iron cut-off doors should be installed at the entrance of tunnels if needed.

(Power)

Power supply system is duplicated to prevent all shutdown of power supply.

Power supply is used for emergency lighting system, automatic fire extinguishing system, fire
prevention system, evacuation guidance for passengers, Air and smoke ventilation equipment, public
address system, signal/telecommunication system, iron cut-off doors and drainage pumps, €etc.
Emergency power generator should be equipped at underground stationsif needed.

(Fire Prevention)

In principle, underground structures should be built with non-combustible materials.

Fire prevention control center should be provided at stations in order to monitor and control fire
prevention facilities.

The following facilities should be provided at stations.

Fire detection system, evacuation guidance system, two or more evacuation routes and emergency
lighting system and fire prevention doors

Fire fighting facilities such as extinguishers, indoor fire hydrants, sprinklers, water pumping pipes for
fire department, etc. should be equipped at underground stations.
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18. Rolling Stock for Underground Railway

In Japanese railway passenger cars shall be connected with gangway so that passengers can move from
car to other car. It is not for passengers convenience but also in case of emergency such as fire in the
train passengers can escape from the car. It is mandatory for the trains running on underground railway or
long tunnel to be connected all the passenger cars with gangway. In case of firein the tunnel driver should
not stop the train but should drive the train to safety place such as outside of the tunnel or station so that
passengers can evacuate from side door. I driver stops the train in the tunnel there will be much risk for
the passengers breathing the smoke to die.  When train with fire is running in the tunnel passengers will
escape from the car in the fire to the other car by passing gangway.

In Line 1 trains and Line 3 there are gangways at articulation section however it is impossible to install
gangway between two cars because there are sharp curves in the depot.  When train passes sharp curve
especially at the connection point of tangent track with sharp curve declination of body center of adjacent
car isvery big and if gangway isinstalled bellows of gangway will be broken.

When the Line 1 or Lin 3 is extended underground railway or long tunnel should not be planned
otherwise trains shall be replaced or modified with the cars fully connected with gangway.
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#1311 LRT15BICBITABETAREDOE L

Line-1 Extension to Niyog - Forecast of Passenger and Other Attributes

Description Unit 2012 | 2015 | 2016 | 2020 | 2025 | 2030 | 2035 2040 2045
Average Week Day Boarding (Without Extension) Pax 492,700 | 525,500 | 528,600 | 561,100 | 586,800 | 604,600 | 618,300 627,600 633,500
Increase in Daily Patronage (Av. Week Day) Pax - 125,200 | 222,000 | 270,100 | 313,100 | 345,700 | 372,400 | 391,400 | 406,300
Total Patronage with Extension (Av. Week Day) Pax 492,700 | 650,700 | 750,600 | 831,200 | 899,900 | 950,300 [ 990,700 | 1,019,000 | 1,039,800

AM Peak Hour (0700-0800) Boarding Southbound Pax/Hr 24,200 | 29,700 | 32,900 | 36,100 | 38,700 | 40,600 | 42,200 43,200 44,000

AM Peak Hour (0700-0800) Boarding Northbound Pax/Hr 13,300 | 19,700 | 24,100 | 27,200 | 29,700 | 31,700 | 33,200 34,300 35,100

Total AM Peak Hour Boarding Both Direction Pax/Hr 37,400 | 49,400 | 57,100 | 63,200 | 68,500 | 72,300 | 75,400 77,500 79,100
AM-Peak Hour Boarings as %of Daily Boardings Ratio 7.59%| 7.59%| 7.60%| 7.61%| 7.61%| 7.61%| 7.61% 7.61% 7.61%
Maximum Station Boarding (AM-Peak Hour) Pax/Hr 7,700 9,100 9,800 | 10,600 ( 11,300 | 11,800 | 12,200 12,400 12,600
Maximum Station Alighting (AM-Peak Hour) Pax/Hr 4,700 5,600 6,000 6,500 6,900 7,200 7,500 7,600 7,700
Pax/Hr/Per Direction (AM-PK Hr 0700~0800) PPHPD 19,700 | 23,800 | 26,000 | 28,400 | 30,500 | 32,000 | 33,100 33,900 34,500
Average Week Day Trip Length km 7.65 9.64 10.72 11.00 11.22 11.37 11.48 11.56 11.62

Annual Factor Days 330 330 330 330 330 330 330 330 330

Annual Passenger Pax million| 162.59 | 214.73 | 247.70 | 274.30 | 296.97 | 313.60 | 326.93 336.27 343.13

Annual Passenger*km million*km| 1,243.7 | 2,070.0 | 2,655.3 | 3,017.3 | 3,332.0 | 3,565.6 | 3,753.2| 3,887.3 | 3,987.2

LRT1 SHROFEHAIOIEMIZ LY | BRSHTT2IZ 10 7 FRBAN S A5 (BAE 20 7 AT, BERRITH 12km FE
N, BREMEIL 6000 HHEINT 5, FHE STV D 10 OFRITKERD N T 7 72 7 4 —)L RIZS i LT
BY., ZOREEHLZEHNEMTHD, LoLens, BROFE SN TWLZY 7 EZEORETlE
VTV EER KB 5 5 L WIFF S TR Y LA DAEIINUEHIs SAR OB 23 T & HiFF S5,

Fo, FBE—I L E LTIRRESN TV S 3 DDFR(Dr. Santoz R, &mm% Niyog BR)I %, 1B
ROIAZBEFIH L TOWDENDDEENIAFN TS, F-2nb0D f»%fi\74—
H—r@mEFALC, JFL=Y) 7o OlEE =EmZX O 52 L STV S,

FEIC L > C LRTL 5808 “5842” BIZEd 5 2016 4Fi12i%. FIFE%) 220,000 A/ H (BLkD 40%)
g2 & RIAENTWD, ZOMEITEKEZZDMERH D000 LIVRWAS, B DIEFERW
DOIEFITIEF IR L TRV CREREICATERFRINELS D Z L IFALMTH D, TNEHE 2D L.
FA 7 20~ OFTERFH AL Z L DERIIRE VW, R D OHEEIZ AU, Badaran R, EDSA
B(LRT1 540 | Taft il (MRT354#%) OFMMELUIIEHAE, 123000 AAHZ TWAHZ LIZHERT
HRETHD, 5 4 FETHIZITHEZ DIEMHESY 12km 28 O 7= FRIOHERHME, P L CGRAGHET
17220, LUFO X9 iR roniut, +ob 5585 ch s,

o FROT /Y T 4 GE
o SRTOFHATEIOFENER E(ZIUT ER L2 3 2D — I F VI TRIICEE)
e LRT1 BMOETOEBOFENK L, FHEERHE O

LRT1 SHUEHR T 2 =7 RO Y 7 OBIRSETeE Y | FIABHUIIRE LstiT 5 &2k X
IWTWD, Fl2AD S, DT 2 2016 FLRE DO 2 Rl L CTh 5, mERRB LTI T2H D
THIN D DT, FEEIIEIROLSHN KRE VY, LRTL BN A e~ =F 8, KON7 4 —&—%Zi
o UTQMkaﬁmﬁé T, FIAELREAZT 5 Z L2725, LRTL Sft & oo K Eiliigk
Fy MU= BHEITEIZO7N ), 123 bl %ﬁﬁi@y~szm ETLIC LV EE— LR
VAT LOEANIR E AKX D Z LT, LRTL S#EOFAFELITEIHINT 2 L E 2 o b,
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13.2 BBl Ea—
1) Redemptorist BROALE

%], Redemptorist BUE LAVALIN OFFIEMXHELE TiX Roxas Boulevard i@ Y (Z1fi L 7= Badlaran
Redemptorist Z=ORNZEIH ST, LaL, LRTA 25 OFFHRIZ L 0 BIE IS HINLED B
600m 1> BOULEVARD 2000 DEVELOPMENT HiIXFi~BE+ 2 0LENH 5, YHIONEIX
BACLARAN BR2>5#)500m i< . MIA BRE 1% 2km B TR Y . BREFEEED ST o 2N E < 7oy,

F BT LWMCEIZIT T TICREE E LR R S TR D HPIONE K IR BEA TND Z &b,
BROCEA T2 B2 BND,

2) PARANAQUE RIVER ZD##

LAVALIN OFHEEHRCld AsaWorld B2 & Ninoi Aquino BRI ¢ PARANAQUE RIVER (271> Tl
OHFYEZ BT 50— Lo T D,

—HRANT) D HRERFARTRDNR < LR DNEN 28D FBIIEERR TN OHOEB 2T 5 Z EREE LUy,
%@fiﬁﬂ %H‘F \—/j_\"g_o

o JKHNTHETIABINOEGERBAHITI S YA R E TN 2 &
o HOKIFITIEIMDEZRINRE N &
o MEMIOAERIH/EERHAREI N &

22T FIROIE D 12— FEAEETSH 2 LT R OMES 2 TEX ARV Bt 5 2 L2
PBE LV, BREEHRAN 3.1-8 18T,

3) Niyog BROALE

LAVALIN OFsE{f X E4EClE, Niyog BRiZ MOLINO BOULEVARD i Y PE{il|od R Z FHi S ¢
We2S, LRTA 225 OE#IZ L Y MOLINOBOULEVARD i V) _E~BEd 2 4813 H 5,

ZAUZNiyog BRIZORR S5 /3 A2 2 — 2 F/L723 MOLINO BOULEVARD i ) O IR, Shvd &
EMD, BENRZ —=IFITEST 5 PFIAFIZE > TERITH Y . ZOBYCEEF T2 L5
2 HivD,

4) Y774 hEREEMOAE

LAVALIN OFIEMXIEHETIZ, T T4 bl IAROMAN G HE STV 523, LRTA O
FARE R AU T T A B SR IARRO (AN 3R S5 EHE T 5,

U D U THEEN S = & LB M0 i ~ DI ED B AR S H A HENTEX A TH S 1o T
YT T A SHMmAEHE LRTA OFHMERICFESE . AROUMANCEGR T2 Z ENREFE LU,

ZEFNERIR AR 3.1-10 1R
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13.3 TEHRF

1) Eihet
BAEDIL DK EIFIN— R~ N THANTE L AT — 3 o F COEENEE SN TS, LD
TN T 2 — AT L Ol S — i T,

#1331 7x=—RTLDE/FE—

r—2 AR SELTAY S g
3min
T7x—X1 15sc R O dt D CSDa’]t
A 00seY f.=antos
BiES
T r—R2 2.5min O . . O
Common gation Niyog
ke 2min O . O
Common station Niyog

BAEALAE X R T 3 B & R EEN - T B DFIEOER I IL— A~V hIEE D &g > T 5,
UL, ZOBFHKERRE U THESII-BRCIIARW-0, $T0 IR WEIEA1T 9 S a@EiEfia1E 3 5L

EMEL D, =AYV N & ) — AT R 2 — DT AT — g UNEHE SURTT OFHH
IFLUAT—a Ly ECEIETAZLICLY, AVORRIIAGICEVRINTEXH LTk D,

2) Operation at North Terminal

-

BTN —Z~UL R DMAEDORKERR & 70 %, FIEITRIFESEIZ 700m HICE-S>THVIRL 725, =
DERIFIAHEEER & U TR STV RN = D EEREIFRI I RS T X 220,

to south +— | |

AN

Roosevelt station

X 13.3-1 OREEBROEEIE (L—A~YL )

FMEME: & ERERZ BT 2 & 2 OFBEEREILH £ 0 @ Tidev, R H8KELE 4 NREIOR
o ZOGINITRIRRBER A TR T D 12T DR IRNTZ DR — L OIMUDHR A LR LREER L T2,
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to south €*—

Line3 Patform \

N\

N

N

N Line 1 Platform |

3) MEREEE

Common station

YLine 3

N

K 1332 I ELRT— 3 OHERT AHKERE

YEER| MBI BRI S A Y OMERZ A LIcL kD bNAD, F133 212K 7 =—RI2H
DB A T, At 30 MRS R AR OB ERH M B L 7R D,

#1332 HFFEAFHHE

B Hk
AL B 2 Bk
Phasel Phase2 Phasel Phase?
4 2015(2/4) 2016 2025 2035
it 16 16\
5t 3 \:/
R 12 2 N4  » 12
gttt | 1% pach 8 8 I\
2 batch 2 N 0
A 20 20
TR 15
aR 39 61 62 7
DA YA I 39 61 62 77
1 GET—A
134  EFEEHEHE

1) BEfF Baclaran B AL OHLIREHE

BEAZD Baclaran Bl S O EEH#E 4 LL F ISR d, -

o HHEM D13 (LR 1 AR

o R D28 (BREEM)

o [ERHERERR : 18R (RREERN)

o ([EHEMR D28 (BRETIRMN, 1HREH)
o HURMIANIME ;1R (HESRESYIE )
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o B sk -

> LRTA SEFTEY)
H R AT
AR
15 KL S
%BDDD/)%?E

(=S

[X] 13.4-1 |Z Baclaran i R HELE OFHE 2 7R3,

YV V V V V

2) ¥ Zapote VT T A b EEEEHGHE]
it Zapote T T A S HFEHIOFHE A DL IR T,

o B 9k (2 WAk 1 AR
o IRAMR 27 (RREHERY)

o HE RURR
o HIIHBEEAMR ¢ 1R

[ERN
&

13.4-2 2 Zapote 117 T A | B A ORCE 277,
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3 HEIE

BT 2 B O EIIORSTAEEZ 51T 720 I 5 (S HI LI B8 B M OVE ZERRN OlR 2 fif
Y% BHED A OHMEMITIE 25 KADOREBRD DD, £ D 9 5 16 KRTH —MROEF DL E
2 MR RHIET D Z LN TE 28, TNLSOHM TIE 1R L2RE TE 20, IR H73
BEEHDL L, ZNEORUT LIRKDOHDREE L 125, LIch > T, BIEDO B OB BRIk
I3 30RO REATREL VN D Z LT D,

o7Vl bOT = —RX 1B DB Tl A OBMEHIOERIHA T L Wi
X2 5720, 13 KOERRS AR S, BE nTHe/emidkis 53 Mk & 725, L, MaEO—H
DO L BICRIT AREEBET D L, Bl TR eimaki L 66 il & 725, LovL, ZORESTON
SRR ET 39 MRk TH B 7200, BERUII DR800 5 5,

7 == R 2 DERAABFETIE, 7 T A MEHAER S, BER, BRCOBEAZ0O 5 L 87 fpkod
HEARELLD, ZORRTORBEIL6LFEL CTH V FEAEITIETLEY T,

FERIFFEE ORI BRI 2 502 F TSNS, 20 & X VLERREIE 77 L 72 553,
HEREITE - IMROBHNE S OND Z L2k 0, TTHR~E D770 | MBS & [F
B2, LizidoT, 0% OYGEFTHI AT 5 & &, Bl Z OB LV #End 25456, 202
ENTEEIONRT U B,

#1341 LRT1E#oBERE
H#7 Train s

Opening of South Extension Future
Phasel Phass2 Phasel Phase?
2015 2016 2025 2035

Exigting Depot

Existing Stabling Track 40 40 30 30

Exigting Inspection Track 5 5 5 5

Stabling Track in Expansion 13 13 13 13

Inspection Track in Expansion 3 3 3 3
Satellite Depot

Stabling Track - 18 18 18

Inspection Track - 2 2 2
Station

Common Station - 1 1 1

Monumento 1 1 1 1

Centrd 1 1 1 1

Baclaran 2

Dr. Santos 1 1

Niyog - 2 2 2
Tota 66 87 7 7
Number of trains 39 61 62 77

L ]
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135 W
1) BEDHER
1 5T 3D ANE TS TV 5,

AR OB X 1984 40D 1 BHRBHZEREIC 64 WS Be A S U7z, BUlIE 1 | SRR 2 » A D
2 T 1R AR T 5, D%, BT 0 Y = 7 M X E—HROHER T 1 5HH7- 9 D
WiE ) 2 () b S5 720 3 C LR 2 vz, ZAUC X0 21 Wil e ks g & B0 A5
PR EL C 8ol S iz, Z D7D BIm 1% 2 W 32 Rk 5 31 21 fRk & LD PR & e~ 7=,

RO 1999 EDOERE R T 1Y = 7 DT =— X LT K0 EA ST, B IR
17 TS AL, 4T LR E 72> TN D,

= AR O L 2007 FEICHRE R T 0 Y2 7 F 7 2 — X 212 X VA S, S A
DOHLE & [7] TAERRIZ 22> T D,

# 135112 1 SR OBAEDE 4 O HFRIRAE N OF% 5.1-2 |ZF OMFZ 777, 140 i 33 [l )3Ef TR
BEOIREETH Y, DD H B 7N, 1l T 2 L A8B%, 25 WO REICL Db L
o TV A,

#1351 EmREE

1 Gen. 2nd Gen. 3rd Gen. Total

T FTRE 50 12 45 107

EIT R 14 16 3 33

SR () @

g @ @) (€) )

LA (11 (14 (25)

At 64 28 48 140

2) FAMARER

EATRHENZ LD & BT i d0D 2017 F-C OB BRI T 61 FRE% T o  BEAF M 4 315mELAS
BEZED GETAMRETH D, LN > T OMmEH 4 HREHE LT ey oy hoT-oIclE
AT & LD, FIEOERIIATFOMBILOT-OIE =R E R E T 5,

PR OH L 1984 40D 1 SHRBHZERFIC 64 WS BN S V7=, B I 1 | SRS 2 # FTdb V)
2 W C 1R AEAERR T A, FOM%, WE R 0 7 Mok E—HRoBEFL 1 5EHT- D O
Wik ) &[] b S 5 72 3 C LIREGHEE 2 D=, ZAUC X0 | 21 WX ks g & B D A1
HRFET L ZBGE STe, T DT D E— RO EH X 2 ] 328wk B 31 2L figpk & 1O PR & 22 o7z,

13.6 HEFEEE

Z 2RI REEIEE X, JCA v — O, T70b 2 FETOHEl R, BEFE O
1B IO EmOFREL R T 5,
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A a—) UL, EBEIREHEOE TR LAT D 2 7 = — R 2507,

o 7x—X1: FIEMIXFE Dr. Santos SR E TOHrBAZE, Baclaran HEEMJLIEDTE T, LRTA
12X % 3GLRV DEE, X8 FIH /3 OF IR DE A, 201545 H

o 7 x—X2:Niyog R TOEMEE, Zapote V7 74 MEMEEM O, i/ INEHLREZ 2.5
SN AT L HIEGESEEE OB, S HICIETL AT — 9 U DSERRE . FEY 22 FIHAS O
KM OB ANTERT D, 2016 -5 A

TATHEE BE&M TEORE/MEEL, FEORNNILE > TEETHD, IOICHEETLIFEDRE
T. #z13F Roosevelt BN & North Avenue RO aF > 27— 3 o OERRC, IHEREL AT LD
WL, LRTL SHRFEIE O 72 ZHED 7= DIZAR A K Th 5,

FELINODHFEER TV a— /T, AHEETIZER L TR,

13.7  JICA ODA E4y DS

3 13.7-112, JCA oy D F 3R 27, BEIIIME (oY) 55, WEEYY (PhP) | B LTVUSST
TREILTUWA, F13.7-21F. JCA a0 — DR A Y 2 — VAT,

#137-1 JICA o —  DiaEHEEE

Jpn Yen (‘M) Phi Peso (‘M) Total (Jpn Yen)(‘M) Total (US$ M)
Breakdoan of Cost Total P‘tljlrfiﬁn Others [ Total Pﬂrﬁﬁn Others | Total Pﬂr?iﬁn Others Total P\]olri:ign Others

Rolling Stock 25,249 25,249 0 0 0 0 25,249 25,249 0 306.31 306.31 0.00
Depot 3,553 3,553 0 770 770 0 5,009 5,009 0| 60.77, 60.77, 0.00]
Refurbishment 0 0 0 0 0 0 0 0 0 0.00 0.00 0.00
SubTotal Direct ODA 28,802 28,802 0 770 770 0| 30259: 30,259 0 367.08 367.08 0.00
Consulting Services 1882 1,882 0 612 612 0 3,039 3,039 0 36.87, 36.87, 0.00]
SubTotal Direct Loan 30,685; 30,685 0 1,382 1,382 0| 33298 33,298 0 403.95 403.95 0.00
Price Escalation 1,755 1,755 0 39 39 0 1,829 1,829 0 219 2219 0.00]
Physical Contingency 1,528 1,528 0 40 40 0 1,604 1,604 0 19.46 19.46 0.00]
Land Acquisition 0 0 0 0 0 0 0 0 0 0.00 0.00 0.00]
Administration Cost 0 0 0 971 0 971 1,837 0 1,837, 228 0.00 22.28
VAT 0 0 0 175 0 175] 332 0 332 4.02 0.00 4.02
Import Tax 0 0 0 0 0 0 0 0 0 0.00 0.00 0.00
Interest during construction 148 148 0 0 0 0 148 148 0 1.80 1.80 0.00]
Commitment Charge 148 148 0 0 0 0 148 148 0 179 179 0.00]
SubTotal Indirect Cost 3,579 3,579 0 1,226 80 1,147 5,898 3,730 2,168 7155 45.25 26.30
Total 34,264, 34,264 0 2,609 1,462 1147} 389,196: 37,027 2,168 475.50 449.20 26.30

i - AT
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#1372 JCAu—VDXHARFY 2—)v
Annual Disbursement (Million Jp Yen)
Break down of Cost
2013 2014 2015 2016 Total
Rolling Stock 504.99 4,797.39 16,412.11 3,534.92 25,249.40
Depot 42231 2,935.63 1,601.20 50.09 5,009.24
Refurbishment 0.00 0.00 0.00 0.00 0.00
SubTotal Direct ODA 927.30 | 7,733.02 | 18,013.31 | 3,585.01 | 30,258.64
Consulting Services 569.01 814.26 829.71 826.16 3,039.14
SubTotal Direct Loan 1,496.31 8,547.27 | 18,843.02 4,411.17 | 33,297.77
Price Escalation 21.16 333.32 1,163.77 311.01 1,829.27
Physical Contingency 47.42 403.32 958.85 194.80 1,604.40
Land Acquisition 0.00 0.00 0.00 0.00 0.00
Administration Cost 78.24 464.20 1,048.28 245.85 1,836.57
VAT 80.83 11954 90.92 40.28 331.62
Import Tax 0.00 0.00 0.00 0.00 0.00
Interest during construction 205 19.07 59.47 67.85 148.44
Commitment Charge 36.88 36.88 36.88 36.88 14752
SubTotal Indirect Loan 266.64 | 1,376.32 | 3,358.18 896.67 | 5,897.81
Total 1,762.95 9,923.60 | 22,201.20 5,307.84 | 39,195.58
138  EREEHAEUE

1) BRETEAAV MREELE2—

LRT 1 50 E T MOV T, BEBE7 B2 A2~ (Environmental Impact Assessment : EIA)
WEETHNA—ENTVDIHHFESEa L R—R 2 haRRE LT, BECEDOL Ea—%21To7,
FEIE, F72. ACA TA BT A AZH 0 FFR K OB G0 T D52 5 21T 272,

JCA &kt 54H (Scopeof Work) 1d 2 23D T IR, /N7 T 5 DEFT R EVRTOVT T A
FNEROEHEGT 2 b, fiE BIA TR, BUFET AR O T 74 T RICER A Y TTo
77

2 MR EIAFRE

Y7 T4 T ARMHIL, FART IO O OILEFUALE S D, HFEREERIT, B0 R T
JITRIAEAAE &, RER~ 70 —T ZZOMERCRIREHCRIA L, £70, BHICH2 Y B
PR Tl 2B L C& =, LovL, /h~r 7 a—7 3 ier UV —27 NV NSEFE L TR Y, F M
(T, AR BRTE R A A S LT,
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BRI ORER, ERRREZ 7« U EVERTHEROZN R D5 & LTRSS NIEITY 7 7 A

R FARGHEHU I IR S 72 22 LR Ehie, Fio, JEERHEDORR, 7 A b7 ARG I

FES NI L D530 ATRetEAvRe S i, THRBGET, &0 2% < OEER & SR LRSI
ST L, IHROBEZRET & LEX BN,

3) RAPLE=2—

2008 4F 11 A . ®iZEtE[®E: (Relocation Action Plan : RLAP) 75, f2Z#FD ROW PN CIEIE| 2 B 288
Z T HIFEHE IO E LIER S -, RLAP (2008) |2 JL4UE., 2008 RS CHeER S -l
SROIEIEREEE OMEEIL 1714 1 TH - 7=,

RLAP 13 2012 4E. LRTA =& 0 BIEfE 2 4 0 — L 2 B35 LikET S A7~ LRTA 1. 2012 4 7
A FAICHEA v X2 7. B AELES Ln, 7 T4 R a1 2 R 7 b i s
{ER: (Project Affected Persons : PAPs) D¥3#) 190 A Ch %, AT, ¥7 74 b7 RGHRHIOBE
WA AEGT RLAP ORAH ) % MCHFEICARS £ 5 LRTA (B LI, SBic, WSS
JCA A RIA v DOERICHET RETH S,

BT SN RBERH I © 7N D Generd Trias IZALIE T D40 20 ~7 & — /L O T-HINEUS S vz, Biin
HOTHERIXIZE A EK T L, #1800 FEFNEGRIEATH D, 750 D 1820 ()7 DRI, LRTA 23
ENTEEBELS VBB EINA TETH A,

RLAP (2008 4K (X 2012 4E) IJFEIEHEFEROAZ SR E L TER SN TS, LizL, JCA Y
A RIA 2 KR OMFREYTH— 7 H— RARY 2 —0P412 1206V, T, &S oA, st
HEBEE LRR LT HERBIREE (RAP) BMERSINDORETHD,

13.9 HEMR

£ 2 OFREOFFIL, BFEXE & EHXEE2ETe, EXEZMSUCE T 5, EH - 2hEREEO R T

HAF 139117,

#1391 EA - R EEREHE

No. Operation or effect indicators Actual in 2011 @ yﬁrﬁ:ozs;ﬁng)
1 Passenger-km 3,791 5922
2. The number of trainsin operation 222 258
3 Workable car ratio 764 95%
4. Train-km 9,818,243 19,374,842
5. Farerevenue 2,285.61
6. Fare Box Rétio 1.09
7. Non-railway revenue 157.83
8. Load factor 77.32

[ - ]
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Z LT, 10 BB SE | A EHIR OfREIR 23 13.9-2 |2~ 7, FEMXEARRER 30 T A
VL b~ s n s,

#1392 SEFIAREHSAREZIR (10 FUFRER)

No. Station Population of Beneficiaries (Pop.)
1 Redemptorist 10,666
2 MIA 13,105
3 AsaWorld 38,049
4 Ninoy Aquino 18,512
5 Dr. Santos 37,324
6 Manuyo Uno 21415
7 LasPinas 42,345
8 Zapote 36,913
9 Tadaba 52,059
10 Niyog 32,712

Totd 303,097

/H# : The Philippines 2010 Census 225/ 2/ 71/ Bk
MNATEOE NERS S (ICA) RUBRAEEIRIRSR Y —/V AR - R (R 22512, —
PR IR FEHEANBUC K 2R AT 5, =R AHNEER OHEEHER A E 139-3 1RT, ZD7'H
V7 MIREREIT AHBER R RO DD, —HbRFIHHIRE IR 2 TN 5,

3 1393 {BEZDEN AHNRHEHER

Hfif - tCO, I4E
Items 2015 2020 2025 2030 2035
BaseLine 55 58 61 63 64
) Converson from PUJ 4 4 4 5 5
Project .
Increasing 1 2 2 3 3
Reduction of CO, emission 50 52 55 55 56

M LT TEGEN TR 6% CA)  SURZBI FEXLE —/ FRRIR « Bl (B &5 1CH el Bk

13.10 HEHRESNZ T AT A

TAEF— 2L, [ARFEV AT LORELE L COFRRHARE L T D, AFEIIE, OBEA M
A FICEAS L — R AT A A FEEMR IC B — Rl @F2EE TR Coe L2l s AETENE
PBE AT OB, QSTEP I LA EETHELTEH Lz PPP A% —A, NEEND,

HADHERIMSIZ 51T, #A4 7 AEHIEIBDICHT—RLY, Sl T —Z R ENAETHD
Feica 1 — FOBIEICHB W CTEE T2 AT 5, Fdicald, FURK EHEEFEOBED LD
T L TWD Z EDFFHENTWS, £72, 0S HTXCPU 2ANE S TN D T2, B~ —5%,
%2 BRI ~DIEHANES Th 5,
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AT — DMIHARANEEZ~O T V) 715 ORBEESINEE Y AT LR ORFE S AT LB
P K OSE AR B4 PPP 7 @ HENE IR & AT DR OMRSE & AT LBHFE % JCA STEP R —
EEHERFTEZ PPP 72, @Y AT LO/N— U T (%% JCA STEP m—, HEBRHRINEZ
AT BB, RF AT LDV T N T 2T B O AR EELE PPP il @A BRI v AT
LR OGS AT LD/N— R T B %Z JCASTEP B —  RFE T AT LD Y 7 F U= TR
EEHERE L PPP AL &5 4 DO Z#0E LT,

BARPULI OV THEE SN A BUN O FEAIL, 22, O$7L01 57, @$69.10 H /7, 3$70.93
A, @$6943 5. L &END, ZOFEENS, STEP u—2DOHAIck Y, £ T4 PPP AX—LAT
THEET 2RO & i L CTEFIEHNRD T2 2 RSN TS, BIFICE 27478
T A AR DD PPPAF =LA LY FEEMIH 2 U BUF RSN S D b O TR
R ET D, STEP u—03, #4045, FIR02%EMEEL TRV, STEP n— 2 2iEH L7-5H4
DTN, &Th PPP AXF— A LT 5RO LY | BIFOFMIEME M BN Z &Ik b,

1311 ezl FPOEHEAF—A
1) SOEEREES
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