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% 1-2 : AEFAOER

Responsibility International Experts Local Experts
1. Team Leader Masami Sekine (Mr.) -
2. Railway Plan 1 Takeshi Shimomura (Mr.) Nugzar Rurua (Mr.)
Kenji Kimura (Mr.)
3. Passenger Demand Naohiko Seki (Mr.) -
Shogo Matsumoto (Mr.)
4. Rolling Stock cum O&M Plan 1 Isao Tsujimura (Mr.) Avtandil Sharvashidze (Mr.)
Mirian Tsotskhalashvili (Mr.)
5. Interface/System Integration cum Kevin Gutteridge (Mr.) Temuri Lomadze (Mr.)
Systems Assurance 1
6. Signalling cum Communications 1 | Akira Honda (Mr.) Papuna Elizbarashvili (Mr.)
7. Power Supply 1 Kenji Tanoue (Mr.) Vano tchithaghua (Mr.)
8. RS Maintenance, Depot Expert Johnny Chan Dimitri Qavtaradze (Mr.)
cum O&M Plan 1
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9. Financial Analysis, Financing Plan | Kenji Suzuki (Mr.)

Sadiga Oshiro (Ms.)

10. Environmental & Social Issues 1 Noriko Kono (Ms.)

Maia Vashakidze (Ms.)

11. Coordinator Mayuko Kitamura (Ms.)

Mikha Tabliashvili (Mr.)

High G

1.5 RERTSD21—L
Fa 2 Y 2 — L& DL ISR,

R 13:/AERYDa—L

Work Items

Year & Months

2021

2022

10 11

Work Items

|

1 Background and necessity of the Project

2 Review of EBRD and related projects

2.1 Questionnaire (collection of materials, question & answer, ana

lysis)

2.2 The current status of Metoro

2.3 Metro projects under planning and execurtion

3 Review of passenger demands

4 Study on the Project

4.1 Purose and contens of the Project

4.2 Study and analysis on enginnering elements

4.3 Project implementation manner and procurement methods
4.4 Project Inplementation System, O&M Plan of the Project
4.5 Cost estimation

4.6 Project implementation schedule

(&G

I
I

5  Financial analysis

6  Project financing plan

L
1
i

7 Examination of environmental and social aspects

|

8  Confirmation of superiority of Japanese companies

1

Reporting, local briefing session

Preparation of draft final report

PPT summary study report preparation

[H

Local presentation

Final study report preparation

——

Milestone (Study due date - 28 February 2022)

A
Kick-off mtg

A A A
Interim brief  METI DFR FR submi.
session |

Hig G
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F2E MHFE. Bt/ 22— AEAREROME

2.1 Oa—CF7EHOME
2.1.1  $anE
(1) Bk

1991 4EICIHY B NEHASMSL L=y a — Y 7 EIL, KEE Tl &9 5 L E%
ThHY, BT EY O Thd, BUEOKFMEIL, 2018 4 12 AIZBELcr A « XT
v v ¢ U (Salome Zourabichvili) T. ¥ a —Y 7 HIO LM RFEHETH S, (EHIIE 2024 4
FTO6ETHDL KEHEIZ., BHZOMOKEDOTA - LI L GEROREES2
VENH D,

BEHET B TH Y AT 4 4, T 150 4 (120 FERE S LGRS T, 30 A
NEZEX) TH D, EITOREZEL 2020 F 1 AT, EHIZA T2 - B RV T
« U (Irakli Garibashvili) T, 202142 H OBk TH 5, BRIATEEITHES T 5 54
FEU TR, Ya—UTHHEOEER Y 2 A4 TEPNTN D, 2010 FIZEELIEN
1T, 2013 4F 10 A L0, KIEHEOHEIRA KIEIZHE/N S 7, K OMERDS BB &
SNz, TNICE - TP a =7 OBURITEE B, @G~ BT LT,

(2 TBXMH

Ta—UT, 2 o0 RBHFE, FEY v KO 5D (Mkhare / Region) @ 12 @
ITBIXAZ 3, ZAVBIEEE 76 O BHIRIRICH S SN TWD, ZHUBITEIX « BiRE T
W2, 1R2ATBIROAL R ZIRFITRT,

12 TR 76 Btk

I R2ATEROARIIRES R,
High : Wikipedia

B 21: 23 —C70TKREER

USBVEIEIC X D . 2024 B B KETEERIT S EE L 22 D, F7o. 2024 EEDSEZE T DR FTIENEZE A
FC & DR EICER IND -0, BKREITEERE CTRESNIBREOKKELE 2D TETH D,
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£ 2-1:293—C70 12 TRE

# ITBX FEEEZ AL I
1 | 77 YT BisiRnE Autonomous Republic of Abkhazia | A 7
2 | AT Lr=€E - AT X7 1M |Samegrelo-Zemo Svaneti R
3| 7 U7 Guria F AN T 4
4 | TVx 7 HIBHME Autonomous Republic of Adjara Ny
5 ;j‘;% ;J?Iz TIKNRNITToE R gseclzgﬁLechkhuml and Kvemo FoTaS Y
6 | A ALT M Imereti THEA
T | LAY A=Ux T T N Samtskhe-Javakheti TNV o
8 | & - kUM Shida Kartli =)
9 | AYNE=LT 4T HXT 4M Mtskheta-Mtianeti LK
10 | 70 x=F - J1/L K UIN Kvemo Kartli VAR T 4
11| r~T M Kakheti T4
12| FEU Thilisi rEY &
o FFTEX (12178 (2B 2&F 525G
MU - BRATER A~
212 ®@EfE- A0

Ya—VT7 oKL, HEMEOS LT T AYT HGEEEEAETF T A G L

69,700 km?, Zh 5 &FR< & 57,200 km> TH VY, $hE D 2021 FED N HI1HKI 370 H A, AH
BEEIL 652 AKkm? Th D, FEIZ, 2021 FEOLFEF OFHIEO A0 & NDEEERT,

& 2-2: La—OTFEERUHEEOAD - AOFS - AOBE (2021 §)

Hitk N ARG UNEF-)i 5

(TN (%) (A/km?)
Va—vUT7eH 3,728.6 100.0 65.2
Thilisi 1,202.7 32.3 2,385.2
Autonomous Republic of Abkhazia — — —
Autonomous Republic of Adjara 354.9 9.5 122.4
Guria 107.1 2.9 52.7
Imereti 481.5 12.9 75.1
Kakheti 309.6 8.3 27.2
Mtskheta-Mtianeti 934 2.5 16.7
Racha-Lechkhumi and Kvemo Svaneti 28.5 0.8 6.2
Samegrelo-Zemo Svaneti 308.4 8.3 41.3
Samtskhe-Javakheti 151.1 4.1 23.6
Kvemo Kartli 437.3 11.7 68.0
Shida Kartli 254.1 6.8 74.1

i ¥ a — U T EEREHR
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https://ja.wikipedia.org/wiki/%E3%82%A2%E3%83%96%E3%83%8F%E3%82%B8%E3%82%A2%E8%87%AA%E6%B2%BB%E5%85%B1%E5%92%8C%E5%9B%BD
https://ja.wikipedia.org/wiki/%E3%82%B9%E3%83%95%E3%83%9F
https://ja.wikipedia.org/wiki/%E3%82%B5%E3%83%A1%E3%82%B0%E3%83%AC%E3%83%AD%EF%BC%9D%E3%82%BC%E3%83%A2%E3%83%BB%E3%82%B9%E3%83%B4%E3%82%A1%E3%83%8D%E3%83%86%E3%82%A3%E5%B7%9E
https://ja.wikipedia.org/wiki/%E3%82%BA%E3%82%B0%E3%82%B8%E3%82%B8
https://ja.wikipedia.org/wiki/%E3%82%B0%E3%83%AA%E3%82%A2%E5%B7%9E
https://ja.wikipedia.org/wiki/%E3%82%AA%E3%82%BA%E3%83%AB%E3%82%B2%E3%83%86%E3%82%A3
https://ja.wikipedia.org/wiki/%E3%82%A2%E3%82%B8%E3%83%A3%E3%83%AA%E3%82%A2%E8%87%AA%E6%B2%BB%E5%85%B1%E5%92%8C%E5%9B%BD
https://ja.wikipedia.org/wiki/%E3%83%90%E3%83%88%E3%82%A5%E3%83%9F
https://ja.wikipedia.org/wiki/%E3%83%A9%E3%83%81%E3%83%A3%EF%BC%9D%E3%83%AC%E3%83%81%E3%83%95%E3%83%9F%E3%81%8A%E3%82%88%E3%81%B3%E3%82%AF%E3%83%B4%E3%82%A7%E3%83%A2%E3%83%BB%E3%82%B9%E3%83%B4%E3%82%A1%E3%83%8D%E3%83%86%E3%82%A3%E5%B7%9E
https://ja.wikipedia.org/wiki/%E3%83%A9%E3%83%81%E3%83%A3%EF%BC%9D%E3%83%AC%E3%83%81%E3%83%95%E3%83%9F%E3%81%8A%E3%82%88%E3%81%B3%E3%82%AF%E3%83%B4%E3%82%A7%E3%83%A2%E3%83%BB%E3%82%B9%E3%83%B4%E3%82%A1%E3%83%8D%E3%83%86%E3%82%A3%E5%B7%9E
https://ja.wikipedia.org/w/index.php?title=%E3%82%A2%E3%83%B3%E3%83%96%E3%83%AD%E3%83%A9%E3%82%A6%E3%83%AA&action=edit&redlink=1
https://ja.wikipedia.org/wiki/%E3%82%A4%E3%83%A1%E3%83%AC%E3%83%86%E3%82%A3%E5%B7%9E
https://ja.wikipedia.org/wiki/%E3%82%AF%E3%82%BF%E3%82%A4%E3%82%B7
https://ja.wikipedia.org/wiki/%E3%82%B5%E3%83%A0%E3%83%84%E3%83%98%EF%BC%9D%E3%82%B8%E3%83%A3%E3%83%B4%E3%82%A1%E3%83%98%E3%83%86%E3%82%A3%E5%B7%9E
https://ja.wikipedia.org/wiki/%E3%82%A2%E3%83%8F%E3%83%AB%E3%83%84%E3%82%A3%E3%83%98
https://ja.wikipedia.org/wiki/%E3%82%B7%E3%83%80%E3%83%BB%E3%82%AB%E3%83%AB%E3%83%88%E3%83%AA%E5%B7%9E
https://ja.wikipedia.org/wiki/%E3%82%B4%E3%83%AA_(%E3%82%B7%E3%83%80%E3%83%BB%E3%82%AB%E3%83%AB%E3%83%88%E3%83%AA%E5%B7%9E)
https://ja.wikipedia.org/wiki/%E3%83%A0%E3%83%84%E3%83%98%E3%82%BF%EF%BC%9D%E3%83%A0%E3%83%86%E3%82%A3%E3%82%A2%E3%83%8D%E3%83%86%E3%82%A3%E5%B7%9E
https://ja.wikipedia.org/wiki/%E3%83%A0%E3%83%84%E3%83%98%E3%82%BF
https://ja.wikipedia.org/wiki/%E3%82%AF%E3%83%B4%E3%82%A7%E3%83%A2%E3%83%BB%E3%82%AB%E3%83%AB%E3%83%88%E3%83%AA%E5%B7%9E
https://ja.wikipedia.org/wiki/%E3%83%AB%E3%82%B9%E3%82%BF%E3%83%B4%E3%82%A3
https://ja.wikipedia.org/wiki/%E3%82%AB%E3%83%98%E3%83%86%E3%82%A3%E5%B7%9E
https://ja.wikipedia.org/wiki/%E3%83%86%E3%83%A9%E3%83%B4%E3%82%A3
https://ja.wikipedia.org/wiki/%E3%83%88%E3%83%93%E3%83%AA%E3%82%B7
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FEDU O 2021 EOANTIFH 120 TATHY, Pa—TYT7E2AOOK 350 1 % 5D
5. £72. FPEU O ANDOBEL 2,385 AKkm? T, MO VB E & e~ CERIICE
<, BEHASONAEFNEE L > TWN D,

TERIZ, Pa—YT&EERREY >0 2010 FELIEDO AN ZRT, 2010 ELIE, o
—YTOANAX 370 HTAMND 380 FATHR LTS, —FHT, B FEY D ANHIE,
2010 FOHEE TR 110 T ATHER Lictk, & T0 EAMEmA RO, 2021 4T3k
120 AN E72 5T 5,

(T

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

4,000
3,500
3,000
X 2,500
' 2,000
O 1,500
1,000
50

o O

B3 —UT7REK mrEYY

H g — T EZEREHR

2-2: oa3—CUF7RUNEYLOAODH#TRE

TFRIC, 2010 FLUKD N 1 OE TGN 2 7T,
£ 2:3: Sa—U7RUFEY L OAODEFHMME

ik AR (TA) HAR R OO AR RN
2010 2015 2021 2010-2015 | 2015-2021 | 2010-2021
Va—UT e 3,800 3,722 3,729 0.4%/4F | 0.0%/4FE | -0.2%/4F
rEU v 1,100 1,116 1,203 0.3%/4F 1.3%/4F 0.8%/4F

i . ¥ — T EEEHE
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213 #HEKRR

Ta—UT7 O 2019 04 H GDP 1%, 49,253 H 5 GEL? (17,471 &5 USD®) T®H V.
2019 FED— NY47- 0 4 H GDP 1%, 13,239 GEL (4,696 USD) T&H-o7-, FEII/RIHED .
2010 XD Y 2 —TY 7 D GDP LU~ AN%7-10 GDP [ZEFHICHER L, 2010 47> 5 2019 4F
D 9 FRH ORI AR =T, GDP 1 4.7%,/ 4, —A4720 GDP L 4.9%,/ H L 72> T\ 5D,
T u RO 2020 F1E, BIAEE T 7%V VR AR/ M B L7223, 2021 ARILAETAEEE 10%8L
O EFH & OEHE (2022 4F 1 A KRR BAHIN TV D,

2010 H~2019 FOHEEMM (CPD) O] FHRIT 3.3%,/ FTHDHH, 2019 Fi%
4.9%. 2020 FE1E 5.2% & ERMEMICH D,

15.0%

10.6% 10.3%

10.0%

7.4% 8.1% 7 49
6.4% 7.4%

48% 4.8% 4.9% 4 gy, 5-2%

5.0%
4.2%

3.0% 2.9%
2011 2012 2013 2014 2015 2016 2017 2018 2019 R0

2.9% 2.7%

2011 2012 2013 2014 2015 2016 2017 2018 2019
-5.0%

0.0%

2021 2021

-6.8% -6.6%

-10.0%

EHE GDP R *E — A&z YRHE GDP K&

1 1 2021 42D GDP AEERIT 2022 £ 1 A 31 A A OBHRAE
Hil g — U7 EFHE D

2-3: GDP ERERU—ALT-VY GDP RN

—H T, Va—YT ORERIEBFEMZATHEWVKETHRE L T\ 5, 2010 FLIREO
RIERIT 20% % H 2. 2018 4512 19.2%, 2019 4EIZ 17.6% &, WENR LN DD, 281
THAD 2020 F1E 18.5% & 72> TV D, @ LUV DRERIT, ¥V a — VT OfkW - ERICE
WTRKREZRBETH D,

Ta—I7®O GDP IZEH D MY CoOBEIGITE <, 2019 FRE TR 51% THDH (F&E
ZM) , £72, PEUTO—AY7Z0 GDP L, Y a—Y T 20K 16 5L TND,

% 24:03—CTFPRAEEFEYLD 2019 £ GDP BRU— A=Y GDP O LB

S TVa—UT Ak rEY v
(GEL) (USD) (GEL) (USD)
GDP 49,253 million 17,471 million 25,207 million 8,941 million
GDP,/ A 13,239 4,696 21,639 7,676

¥ : GEL = Georgia Lari, 2019 #0428 L — ~iE 1 USD =2.8192 GEL
Hil 29 — T EFRER

2GEL X, Ya—yT7TomETHb Lari (TV)
3 2019 FE DAL — b 1 USD =2,8192 GEL % i .
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TR, YVa—UT ekt e Yo 2019 FEORFIEEN (FE¥R]) GDP LEIA AR
T, Va—UT7OFHEEEL LTL, BE BMINLD (GRERYA UREL) | el
mh (Gaegk, 6 - RS | FEeBIMERS (BEX M a7 U — FETREME) |
i - BEERD S, AADBEF L, AREEOFH W MEY Tk, 2E & g L TR
DEIGPMEL . P —ERAFEEOEIERE,

® 25:03—CFLBEME) OORETSA (EFXH) 2019 F£4E GDP LEE

- Va—UT Ak =%
/5 GEL #& | A GEL | EE

A | Agriculture, forestry and fishing 3,204 6.5% 49 0.2%
B | Mining and quarrying 596 1.2% 236 0.9%
C | Manufacturing 4,368 8.9% 1,727 6.9%
D | Electricity, gas, steam and air conditioning supply 1,009 2.0% 399 1.6%
B :Zz:; is;f::}z;:?;:ge, waste management and 350 0.7% 139 0.5%
F | Construction 3,681 7.5% 2,223 8.8%
G Wholesale and retail trade; repair of motor 6.161 12.5% 4661 | 18.5%

vehicles and motorcycles
H | Transportation and storage 2,838 5.8% 1,832 7.3%
I | Accommodation and food service activities 2,223 4.5% 1,428 5.7%
J | Information and communication 1,324 2.7% 941 3.7%
K | Financial and insurance activities 2,181 4.4% 1,194 4.7%
L | Real estate activities 4,946 10.0% 2,716 10.8%
M | Professional, scientific and technical activities 1,113 2.3% 727 2.9%
N | Administrative and support service activities 607 1.2% 336 1.3%
o Public administration and defense; compulsory 2,992 6.1% 1,196 479

social security
P | Education 1,883 3.8% 601 2.4%
Q | Human health and social work activities 1,796 3.6% 770 3.1%
R | Arts, entertainment and recreation 1,510 3.1% 751 3.0%
S | Other service activities 311 0.6% 139 0.6%

Activities of households as employers;
T | undifferentiated goods and services producing 45 0.1% 14 0.1%

activities of household for own use

(=) GDP at basic prices 43,138 | 87.6% 22,077 | 87.6%

(+) Taxes on products 6,348 12.9% 3,249 | 12.9%

(-) Subsidies on products 233 0.5% 119 0.5%

(=) GDP at market prices 49,253 | 100.0% 25,207 | 100.0%

i . ¥ — T EERHE
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Ta—YTOBEGIE, TRIORTED, MABROWE L 2> TRBY, WHIERN Y 2
— VT RIFICB T HHEO o TH D, EFEEHHGE & LT, $8E, BEHE, A48tk U
A2, TV, BB, IXxTNVUr—F—En1"b5, ¥, TEMALBE LT, A4
e BAZHLE L rEgsl, BB, gL, —iim. EHEs. EEMERH D,
TR, PE. oy T TEARAL DX, TAHVT, hla, w754 FET
HbH, WAIZHOWTIX, ko, v 7, PE, EUEE., 7TELAL Dy, KE, U7
TATERZ, BADD O AN RIS 5o 2851, Bk 5 4F (2016~2020) T
IZEEIR 24% L 72> TN D,

£ 26: oa—CTFTORMBAREDHRS
(HAZ : §5 USD)

HH 2015 2016 2017 2018 2019 2020
fia % (FOB) 2,204.2 2,117.1 2,745.7 3,379.7 3,798.4 3,343.4
i AFEE (CIF) 7,304.2 7,341.9 8,057.2 9,361.8 9,519.2 8,052.9
=ik -5,100.0 | -5,224.7 53114 | -5982.1 -5,720.8 -4,709.4

i 9 — T EEREHR

FET &R e LT HRRTA 438179 % [Doing Business| (281725 TR AD
LT & (BE) | o7 T, Pa—I 7%, 2016 O MR 24 7, 2017 48 16 275
Bz EH U, 2018 4290, 2019 46 L, 2020 4 7L &, Eif7p B R AN EFEMIZ
VR A2 52 1 T B,

Ta—UTE, < Ol - [HEOMTHEBYICABESGHE (FTA) ZHifk L TXT
B, BAEES EEOBBL, BEXOREICETIAARELE Y a =7 L OO
1 (B Va—UTEREWE) 202141 H 29 BIZE4L Sh, 2021457 H 23 HIZHER)
L7z4 RWHEE, B - Va—YT7THoBED AR, 2L OR#ICE L CafEm Nt
MRBEEEZBETH2HDOT, ZOWEDOREIZLY, B« Pa—U 7 OMOBEENEES
ndEEbic, MEMORARBENS —BRIET D Z ENAHFINDS,

2.1.4  BHBKiR

T a— U7 OAREBIX, 2010 FARATHT4 H GDP @ 30%ERIAHERF L, 2010 AR
BRI EET LA LI DD, 2019 FERFA TR 0% Th o7z, LirLAans, arf
o> 2020 1L, GDP v A T ARE., A, ki, HMEBIEIZ LY 60%E T EAL
72o 2014 4E7 5 2020 EDNHIER DO XF GDP L OHER 2 KK RT, 7B, OEICEE L
7oY. 2021 FEORFRIEIC L 0 2021 FEFOBMEITSET H L0 L FHEIND,

4TH - Va—UTEERHE] OFIILT

FNC https://www.mofa.go.jp/mofaj/files/100143571.pdf, JE3L https://www.mofa.go.jp/mofaj/files/100143573.pdf
At E OB EILLLT

Fn3C https://www.mofa.go.jp/mofaj/files/100143572.pdf, #<3L https://www.mofa.go.jp/mofaj/files/100143574.pdf

S EAEA Y = 7 A F&IR : httpsy/www.mofa.go.jp/mofaj/press/release/press4_009078.html
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Va—U7HE- MY BRI RRE G E R A

Government Debt
(In percent of GDP)
80
ESTN Local currency
70 B Foreign currency
— General government debt
60
50
40
-
30
20
10
0
2014 2015 2016 2017 2018 2019 2020

1 AREBRE O 2021 FEI2BT 2 BBOREICH L5728, ko 2021 45 GDP i REHAE (2022 4
1 BRERE) 7205, 2021 FEDOAMER DX GDP il 2020 EbiET AL 0 L FHEEN S,

Hi# : IMF, 2021 Article IV Consultation Report — Georgia (2021 4F 9 H)

2-4: 3= F7ANEHEDON GDP LD H#ERE

£ L LT, ADB 3% & ¥ T\ % Asian Development Outlook 2021 Update (2 X 5, 77
AEIE D AHIEFS DX GDP FL (2019 4% T 2020 47) Ol Z FIMIZRT,

[ 2019
@ 2020

% of GDP
150 -

120 o) _

v o B QO © © o o n © = o x © - 5 98 O W = © [T S @
i éééi SE L EE §*é§,$g§%§ ooigﬁﬁ‘é’gg'ﬁ_ﬁ SEcESE8EZZE
SEE8lEsEE 27200 A58 °57 8 ssEsosEL 12 558883
Q : R Y = oo > = T = = -
< < ERSRI=x S&¢® Sezx P O§I5ITSFIEESE S > 3= <

£ D 2 £ 58 8 % a filal > & £
25 5 o Sl Z@
= [ = ‘on [ © el
< § 5 s g = 3

2 3
I oo &

FSM = Federated States of Micronesia, GDP = gross domestic product, Lac PDR = Lao People’s Democratic Republic, PRC = People’s Republic of China.
Note: The Pacific excludes the Cook Island, Niue, and Palau, as no data are available for these economies.
Source: International Monetary Fund. World Economic Outlook April 2021 Database. https://www.imf.org/en/Publications/WEO/weo-database/2021/April.

{4l : ADB, Asian Development Outlook 2021 Update (2021 49 H)
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2.2 FEY SEHIEDOHE

221 R
(1) TR EEE
N B offE L, 7 702 o TRIAERI 35 km 2R3> TWb, B Y o+ HiIBH

%%ODJNR%:TI RT, ﬁﬁfﬂﬁ@ﬂlmi REIZHE S (R BIRODIXH THRMEA 5 km) | 2O
M > TREDET T2,

; Qe o Y Effective FAR
[ PR 0-08
08-15
1.5-2.1
21-25

25-35

35-46
46-11

/

o a 'g Area for urbanization

0

1 FENIB R OFEAEEZ (FAR : Floor Area Ratio)
Hiflh : b BV 3 Sustainable Urban Mobility Plan (SUMP) & K 7 iR (2021 4F)

K 2-6: FEYSOIHBAFKKR (BHEE)

A TC/RLICEY |, ¥ a— U7 ORFEREITITERINCHERS L, FHETE L~ nni
DOFETEALTWD, MAT, PEYTO—ANY7-0 GDP Z2E DK 1.6 5 & Ev,
L ORFRN AT RIS, FE Y CORRAERGEEIIFABML BV, BFEHHF
FORIZE > T, W OVE L CIXRA 2 2S@mIRMEN R E L T D (R , £,
RIBIRHET KD RKIGY~DOEEA G fER S v, ZKWMBMEEFNIX R Y © iR X 72
o TUWNA,

¢ EHERAIZIEZ 7)1 (Kura) EFEEI, P a—UTEETIELAY 7 Uy VI (Mtkvari) & FEEN D,
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HBH 2021 4F 12 B ICHAE MR

B 2-7: FEYIHEMRTRDOZERHKR

TRIZMNY BEVO BB EREGEEBOHER 2R, FrCRHAEREEEIL 2014 £ 5
20194E £ CTAHE LAY THI X, 20194F £ TOSEMTR342%HEML T\ 5 (FEF6.1%
) . PUETHOANDIL, 2014 F£0F) 110 5 AN D 2019 F£0F) 117 T A~EHK 6.3 %D
HINCTHY (T 1.2 %H) . A0 1 AN OFHEREAGEIT 2014 £ 0.286 &
25 2019 0 0.361 HITHI 262 %IEM L TWAH Z & L7 D (FEH) 4.8 %)
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& 2-7: FEYSTHOBEBERFEMOHERE (2014-2019)
(HANZ : 1,000 &)
AR 2014 2015 2016 2017 2018 2019 igij;;?
Fe f HL 315.3 345.5 373.4 391.7 411.5 423.1 6.1%
RA e I =RR 15.7 15.6 15.6 15.6 153 15.4 -0.4%
By 22.4 24.1 25.1 254 25.5 25.7 2.8%
57 T 12.2 13.1 14.6 15.8 17.0 18.4 8.6%

£ : CAGR = 4N (Compound Annual Growth Rate) | 5k B 13 B 3 & & To,
Hi#i : Ministry of Internal Affairs of Georgia

7 VT Bi%ER1T (ADB : Asian Development Bank) 723% 4295 7' 1 7 < A (Sustainable
Urban Transport Investment Program) O . 2016 4 4 A 25 [E4FE 6 At
(Consulting Services for Organization of a Transportation Household Survey in Thilisi Metropolitan
Area) MEMINTEY, —AHV PR » THROREEHEIL 1.6/ H ThH o7z, FIFHE
DH|EEFETIT, RHEORABEKLOZOFMABEER L TWDIRE & T, HOthEo
EEGFFRAE NN L TR Y . ZThifivieko BZHEFRIHAE 2 5 TRetEn o 5 &
SINTWD, AT, SHRLIZBEREMECHESZOANE, RGO ENR & ORREN
N Tnd,

(2 FEUSTOLH#ZE

MU ESHNOAILAS @R & LT,
N EEOMIZEEAR AN A I =" (D
B VXA Marshrutka) . 77— 7 v —
DAEE ST N 5D,

2016 AFIZ SEM S AL 7 ATk o0 AL i T A
BT, AHAZBEOSHEIL 39 %, AF
FH 30%, E4:27%, #7—3%Th
o7 (FRZ)

[FIFRA Cld, 2011 4AFIC 50 S v iz s
FEORR LRI TEY, BFERAHE
DRI 2011 D 19 %) 5, 2016 4F
D 30 WITEHIZHIM L 72 Z &b S
TW5b,

ADB #EIZL % [ FEY Uifikskeil e
5 moAZ i ¥k BE 2015-2030  ( Thilisi
Sustainable Urban Transport Strategy 2015-
2030) . 2015412 A T LAuiX, 20134F
IZBITOH T g, BMRANA, I=A"ROMHEROEGFHIED 2 ENENOEIGIEL, T
£ 26 %, BEHR/NA 35 %, I =/NR 39 % ThoTn, HiFEkE IR SADLEICREIE, H

T OHE1%

R —3%

L ;2016 FREMATIIAE (Consulting Services for
Organization of a Transportation Household Survey in
Tbilisi Metropolitan Area) % &2 FHA FH1ERL

K 2-8: FEY THDILEFRSEE
(2016)
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Tk 43 %, BEANA 57 B Th o 7=, 2019 FEIETIL, H T8k & RS 2 ORI & E S
XA L, HUT 8k 51%, BEAR/ SR 49% & e o 72T,

ETOME % R 5720, AFHAEHM T 2021 4F 11 A 14 H225 2021 4E 11 A 30 H DK
2 TR DTk & BN A OREE A BT L, Z OO k& OB A D
FRERFHEZ I LT & 2 A, HTFEk46%, B NNA A% ThH -T2, 72k, hEU UMl
TEROITEIZRBIT 2 REHKOHERIL 123 bE U VM FEEOBE) TRed,

MU RO TS, BHRAR, F—T B —E, WIiLd Thilisi Transport Company

(TTC) ICLE > THEESNTWD, TTCIZ MU SHI FEkOEE S L LT 1966 |23 S
AT, NAOFEED 2009 FIZBGEI I, 2012 2T — T N —OiEE Z Blhs L,
h e VH RO T & TSR T,

. REYE OB FT Station Square 1 B, FEEOTHEIIVW 34 Didube BR,
H : 2021 4F 12 A FHA R B

2-9: FEVY UHIT#OEF (Line 1)

72019 FEOM T EFIHEEIT 1377 HHAN, BB RIT 134T HHATHS (H : TTO) .
8 Tbilisi Transport Company (TTC)? 7 = 7 ¥4 & (http://ttc.com.ge/index.php/en) 75T — X % Bifg,
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™

E poe,

E 2BV 9 D Line 2 @ Station Square 2 R

it 2021 4E 12 A ICAEHRE

B 2-10: FEY SHTE&DEF (Line 2)

BN =R =T N —OBEIIUTOEY ThbH (M R\ Tix 2.3
M EU RO 12 TR T D)

o BEHENZ 12021 4 12 HRERT, 110 AR THEIT S TI VO, 2,000 4D/ S A5 TR
MDY ThHD, GPS VT IVH A LEATIERS AT LOBEANIC XY FIEHEOF E2
BIHATWD A, R S —EAKEDRS | NAEWD A T F 2 ARE,
T A =BT VALK D REGRA~DOE( R EDTR SN TWD, Zhb OiEE
\ZKHLT % 72, EBRD OFNEIZ X DN AHEOEHFENED LT 5 (EBRD
DEBIZOWTILE 3 mER]R) |

9 TTC /N A PEHR Rk (http:/transfer.ttc.com.ge/?page=schedule&setLng=ka) (ZH-3<,
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e I=/%Z (Marshrutka) : /b—h, ¥—IFWEHEIZNNIZET R, BOVAENWH
I =T AN EEES & L CRI SN TV D, S =" AOERE X, e U U

XD ARLZE L CHFEFTTE2HERAEEICL > TITh TR Y . M TSR
N2ZMTET D@l L L Tiialiae 1 A—LTWD, —J T NAKKRS

Hi R R & DOBEE ORIERR, Xy MU — 2 Ui - FEBEOHE O LB S Fa1

o B

HL 2021 48 12 7 ICFE M

2-13: FEY LD S =/R (Marshrutka)

o JU—TINH— (B—TTxA)

(2021 AEHIUE, 2 KO —T7 U = A0N FEY UHN
THEBEINTEBY., FICABSLEB A2 AN E LTRSS TV D, 2019 DO —
7' oA FIAREIT 198 T AT, —H WK 5400 AT 7210,

Ll

Hit : TTC V=7 %A +

H 2-14: FEYSODT—TNAh— (O—FHzA)

0 Z@219FE0u—7 0 = A FIHEKIT., HITFEROK 14%I2H7-D, 20204ED 0 —7 7 = A FHKIT=

OFOFBIL VKL, 22 56 TAER-Tz, 728, 2021 4 11 A TAIO—H N0 OFHAEIL, FH
232,000 ARAEL, K « ARKB 233,000 AJRAE CTH - 7= (Hil : TTC)
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222 BHREOAMMY
(1)  FEY T OETHREE

MY U OERE A @R E & LC, 2015 4 12 HIZfERE e T ey UHifism
LM% (Thilisi Sustainable Urban Transport Strategy : SUT Strategy) | . M OEEREST D [k
v AT E U 7 ¢ 5 (Sustainable Urban Mobility Plan for Thilisi : SUMP] %2817 % =
EMNTE D,

AiE o [ e Umiscimgkig (SUT Strategy) | 1. 7 ¥ 7 BiIZ&8R1T (ADB) D 3$E
DT, #hisgdt 7 # —OFEEREMRE ., BIRHEEIC X o TE S 41, 2015 47> 5 2030 4
FCORBEROFERLT 7> a v 7T VPR ENTWD, BIEREICY 72> Tk
PUTIZ 9 BILRIEES . BAfRE CHER S 518 = Z 82 (Steering Committee) 7% 2014 49 A
ICERE S, FEY UTHOHRHZAE, KOV ADB O = H Lk v RO FIC X 5 AR,
BB ICOWTHESIN,

e LBV IHif%Ar (Thilisi City Hall : TCH)

e hUEU ks (Tbilisi Sakrebulo)

o Ua— U7 H#FBFIEAE (Municipal Development Fund of Georgia : MDF)
o B IAHEAFE (Thilisi Transport Company : TTC)

o EU TEINBAFE A (Thilisi Technology Development Fund : TDF)

o ZTMEMIZE

#BEO eV EHTE Y 7 4 3E (SUMP) | X, ADB OXEAET, FEY Ui
FEUVBREESICL > TRETTHD (2021 4 12 AW) , SUMP Tik, 5% 20 £%
KGWIH & L THEBDO YTV AZREL, #HZ@OFEE I U R—R MIONWTHE VT
Uﬁf@m%%%% V3al—va UEREEKEZEL VT VA BT D FEL 2o
TWb, SUMPIZBIT A EEa L R—% > FE LTUTO5ORBEESNL TV D,

o AR

o HEKFY MU= - AT TEFRME

o AMATENMIHK

o JEIRRE) R A2 16 B At R

o RBFRE~RY AL MK

(2) PFEY EHIEMER (SUT Strategy) OBE

e U AT ARG (SUT Strategy) (%, T X TOAGEE— R &7 L 72 0GR 72 kg
LT, BREICE LWESFE 22 @m0 38, KO E Y M@ Y AT LD E
REBTTWD, £72, 1) @ERAEEREOMNR, 2) B FEOFLELTO MY &
Mo, 3) Uk - B, %LT%%@A?&LT@%HUV%@%%\&%599%
CTEF. KO E Y RO TRESN TV,
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F7-. SUT Strategy (X, #H#] (2015-2017) . ##] (2018-2021) . £ (2022 -2030)
ETNETNORRECT 7> a v 7T 0 RR LTS, ZNENO a7 & ERHER
FRIORT, o, RKEiIOKR®ZIC (Riko@) | #TREEKK T 7 v a > 77y (FAR
DEL) ZEAFT 5,

& 2-8: BHXEBRICETET7I2avIS0OHE

HM av7 b ESAY 5
JE o REMHZEMT ThH o7z | o fH - FHHE] : HATFHA O, AR BA%E &
2015-2017 it TR 0> FE it DKE. SUMP DRE
o K X M CHURIZHEMERT | o HIFER : BEAFIEHR DT » 77 L — K - &G
RE 72 Jiti 3K EOHRE (E&M, =, BR&5Te)
o T« REIT 7 a7 | @ /NR 1 /N RHLM D F
7D TREG o r—T7 )V — o NSRRI & T RN A&
=T N H—DRE
o FHREMHIEE - BRTHACHR ORRSL - WA, BEEH
HOUET, & 7 > —BER K OB A
] e T /a7 T AT | e FHAE - FHH 0 SUMP D7KGE & Gl S
2018 — 2021 TRETECTH-T- o M FEk : BEFERMOT v 77— R - e
SUMP & E itk (E&M, Hijlj, BRA&ETp)
CHHT VL arTT D | e NR L NAFy N U— 7 OFFHELE, SR
FET D
o MELZ i U 7= il BE i 2 o r—TJNh— =T NI —F%y NT—T D
TN
o LMV RY AL N 1 VLT DT
o KRR « BRTHACHRI ORRAL - WA, BEHH
HOKET, & 7 v — B BH & A
EH e SUMP D %fii o AT « FFH] : SUMP D L = — & BT
2022-2030 | @ ANILAZEL AT L DWE | o HITEL  BEFEKBOT v 7/ L— R - BED

o L HFEDTET
o BRI Z @S AT
L ORESE

FET

o NRA  NARy NU—7 OFMEEL, N A
D

o r—TNH— =T N H—Fy NT—T i
RKDOFET

o MV RY AL VT DT

o WL EHIEAS®E (LRT) : LRT EADMF

o NEZZEAEMAIPF (TOD) : TOD Ol L
& St

o KB < AT AR DFEXAT. -
i & & 7 > — BRI O

=i

e BEEAR

7% : LRT = Light Rail Transit, SUMP = Sustainable Urban Mobility Plan, TOD = Transit Oriented Development

Hig

~EY SERHI A @G (SUT Strategy) % 2 FRA N 2357
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®3)

FEYU S SUMP IZ, K

FEYLEHEEY T4 5HE

AL D S fi Be g 12

(SUMP)

BWTREF THo72ny, 2021 4 12 A2 TCH

Zi U CAF L7z SUMP 5 — A2 X % [Scenarios Presentation & Evaluation (Draft)| (2 L4
I, FRIORTHRENRE STV D,

& 2-9: SUMP TRESIATWSEERE ()

(F35 2 FEERE)

avE—F >k LR (B
AR R ® Transit Oriented Development : 5 2>FT D FEH TOD /7 D B
® 2040 & HEEAER & L7 HIXBIO N DAL, T I RE 5 O T
By NU—2 ® TCH O BEAAE B 710 0> S i
A 7 T B R ® ENNAZRE B FEEORE (K 40 OERKFEDRSE)
INFLAZ @ i R ® HMIUNEK  GEATAEY (BT U A TIIEER O SRS
® KRN A : TCH ORSHRF t i O SFME, Brilmd ¥ — & 2 B 5
° Ra—F—ghE—E R (TERMIEH) OFEA
® r—TNN— (m—=TTxA) : HEEEHROEN
FEBRE R A B E i | @ (EAAZMBIE - RrEE K O HE @I TR (KR REE— FLL
R 4 | AREEERRMERER, B R, BT S HE K O
® [HIRH LB R v U — 7 O

SEBE~F DA
b Jii e

= U B BEEEZF RIS AT LD B
FRIE— 7 HFD R U » 7EIE O

Hidit : FEY 2 SUMP [Scenarios Presentation & Evaluation (Draft) | % J:(ZF2AEH 23 4B

(4)

b E Y S#THISEMBE (SUT Strategy) OF7 9 avr5y

SEZ L LT, ok bV UESTACHERS (SUT Strategy) TIRRIN/-EH - i - &

Wor s a7 2REALTICHE#T S, AFEDO NE U S H TS|

[EEES:cH

BRI DMK %2 . AMERNEETHNA T4 b LI,
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B%E . FEY OETREEMK (SUT Strategy) OEHF7HavTS5y

Short Term Action Plan (2015-2017)

1.

2.

3.

11.

12.
13.

14.

15.

18.

17.

18.

19.

20.

Planning (Surveys and Model). Conduct a new household survey, update the existing multimodal transport demand
madel and train relevant staff on its use (on-going, government-financed [ADB loan - SUTIP]).

Planning (Urban Masterplan). Develop a new urban master plan to define future land use strategies in Thilisi (on-going,
Thilisi City Hall-financed). Coordinated with sustainable urban mobility plan.

Planning (Sustainable Urban Mobility Plan). Develop a comprehensive sustainable urban maobility plan {SUMP), based
on do-nothing, moderate and transformative scenarios, quantification of benefits, impact and economic viability (for
proposed scenario, measures and subprojects), investment plan and financing sources and mechanisms (funding SMUP
to be defined). The SUMP would include feasibility study of pricrity projects. Coordinated with urban master plan.
Planning (Transit Network). Initiate technical assistance to define a surface transit network, considering main bus
routes, bus rapid transit, cable propelled transit and light rail transport options (funding to be defined). Prepare an upgrade
and refurbishment plan for existing metro lines, including E&M, rolling stock and stations. Possibly part of SUMP activities.
Planning (Bus Network Restructuring). Initiate technical assistance (ADB-financed) on and implement (City Hall-
financed) bus and minibus network restructuring, introduction of main routes (network hierarchy and possible bus rapid
transit corridors), bus lanes and propriety for bus at selected junctions. To be included in and further defined under SUMP.
Planning (Traffic Management and Missing Links). Initiate technical assistance on fraffic management optimisation
{making full use of the functionalities of the intelligent transport system [ITS] already in place) and possible missing links
and bridge(s) to release traffic bottlenecks, with consideration of surface public transport (funding to be defined). Possibly
part of SUMP activities.

Planning (NMT). Initiate technical assistance on non-motorized transit (NMT) network, define design standards and
prepare a NMT pilot project (funding to be defined). Possibly part of SUMP activities.

Planning (Smart Technologies). Initiate technical assistance on smart technology options, recent best practices and
potential for replication and tailoring to Thilisi (funding to be defined). Possibly part of SUMP activities.

Metro Extension. Complete 2.6-km metro extension (on-going, government-financed [ADE loan - SUTIP]).

Pilot Transit Project - Urban Cable Car (between Samgori and Vasis Ubani). Prepare and implement at least one cable
propelled transit system, between densely populated district{s) and the metro network, to expand the coverage of the
mass transit backbone (on-going, government-financed [ADBE loan - SUTIP]).

Urban Road. Complete upgrade and creation of 17km urban road link between Thbilisi and Rustavi (on-going,
government-financed [ADB loan - SUTIP]).

Bus Fleet Renewal. Initiate bus fleet renewal adopting green technology (on-going, government-financed [EBRD loan]).
Targeted Interventions. Implement existing investment plan by Tbilisi City Hall for small scale interventions, including
possibly some of the recommendations from actions 5 and 6 (on-going, Thilisi City Hall-financed).

Road Safety. Create conditions for strict enforcement of rules combined with large scale and continued awareness
campaigns (with possible involvement of Non-Governmental Organizations).

Institutional Framework and Reforms. Initiate technical assistance covering the following areas and possibly implement
immediate actions when applicable (funding to be defined), covering

creation of an integrated urban transport authority (Tbilisi urban area), in charge of planning, implementation and
operation of all transport modes.

revised regulatory framework for parking system (combined with a revised parking master plan including park and ride
options).

creation of a regulatory framework for Taxis.

explore innovative financing mechanisms and introduction of taxes to finance public transport system modernization,
expansion and operation (such as fuel tax, employer tax or land value capture).

create conditions to implement fully integrated e-ticketing system for all public transport modes and parking.

study options, conditions and feasibility of increased participation of the private sector (management contract,
concessions, design build finance operate [DBFO]).

Financing. Conduct consultations to identify and select sources of financing required for the implementation of the short
term action plan (grant for technical assistance, trust funds, climate change funds, local and central government budget
[including sovereign lending], private sector).

Donor Coordination. Hold donor consultation meetings periodically to secure integrated support and sound use of
resources.

Communication and Awareness Campaign. Prepare a communication plan and implement an awareness campaign on
various sustainable urban maobility related topics (aiming at stimulating the use of public transport). Possibly part of SUMP
activities.

Thilisi Sustainable Urban Mobility Forum 2016. Organize the second edition of Thilisi Sustainable Urban Mobility
Forum in Q4 2016 to take stock of the progress and lessons learmed from the various initiatives undertaken, and to refine
directions and action plans (government-financed [ADB loan - SUTIP]). It is proposed to organize Tbilisi Sustainable
Urban Mebility Forum every other year, or at least every 3 years.

Consultations between Local and Central Governments. Based on the findings of the set of actions and studies, hold
continued consultations between Thilisi City Hall and the central government to prioritize projects, grounded on cost
benefit analysis, and prepare investment and financing plans.

WD T4 MIFEERICE 5,
ML . b Y SERTZSEEMS (SUT Strategy)
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Medium Term Action Plan (2018-2021)

10.

11.

12.

15.
16.
17.

18.

Planning (SUMP). Formally endorse Thilisi SUMP in 2018 (if not achieved earlier) and initiate its implementation.
Planning (Surveys and Model). Keep the multimodal transport demand model updated and ensure staff are trained to be
able to use it and test all initiatives and projects.

Short Term Action Plan (Continued Completion and Evaluation). Complete all actions of the short term action plan
(2015-2017) which might not be fully implemented. Evaluate achievements and learn lessons.

Metro (Transit Metwork). Implement the first phase of the upgrade and refurbishment plan for existing metro lines,
including E&M, rolling stock and stations (detailed design, procurement and implementation).

Pilot Surface Transit Line (Transit Network). Prepare detailed engineering design and bidding documents for a pilot
transit line (most likely Bus Rapid Transit) adopting universal design standards and fully integrated with other public
transport modes. Implement the project and secure commissioning by 2020-2021.

Bus Network Restructuring (Continued). Asses the performance of the restructured bus and minibus network. Adapt
the routes and operation plan as necessary to continue improving the quality of service and passenger satisfaction rate.
Traffic Management and Missing Links (Continued). Implement missing links and bridge(s) to release traffic
bottlenecks, with consideration of surface public transport.

Pilot NMT Project. Design and implement pilot NMT project (priority project out of NMT plan and developed around the
pilot surface transit project). Secure commissioning by 2020-2021.

Urban Cable Car Projects (Continued). Complete the pilot urban cable car project (if not yet completed) and implement
the urban cable car plan to expand the coverage of the mass transit network (building on the lessons learned by the urban
cable car pilot project).

Bus Fleet Renewal (Continued). Implement subseguent phases of bus fleet renewal (adopting green technology), with
consideration of Bus Rapid Transit scheme particularly in view with adoption of full-flex services (BRT usually requires
rolling stock with particular specifications, such as floor and doors).

Targeted Interventions {Continued). Implement investment plan by Thilisi City Hall for small scale interventions. Ensure
ITS system is used to continuously improve traffic management.

Urban Roads and Road Safety (Continued). Secure continued enforcement of rules combined with large scale and
continued awareness campaigns (with possible involvement of Non-Governmental Organizations) and ensure road safety
features are adopted in the design of all projects. Introduce traffic calming zones. Preparation of Thilisi bypass might be
initiated should economic viability be confirmed under the SUMP.

Institutional Framework and Reforms (Continued).

create an integrated urban transport authority (Thilisi urban area), in charge of planning, implementation and operation of
all transport modes. Ensure the urban transport authority is fully staffed, budgeted and trained.

inlmdut;e regulatory framework for parking system (combined with a revised parking master plan including park and ride
options).

create regulatory framework for Taxis.

adopt some innovative financing mechanisms and intreduction of taxes, to finance public transport system modemization,
expansion and operation (such as fuel tax, employer tax or land value capture).

implement fully integrated e-ticketing system for all public transport modes and parking.

select pilot projects with private sector participations (possibly management contract, concessions, design build finance
operate [DBFQY]).

study options and mechanism to promote Transit Oriented Development.

Financing (Continued). Conduct consultations to identify and select sources of financing required for the implementation
of the medium term action plan (grant for technical assistance, trust funds, climate change funds, local and central
government budget [including sovereign lending], private sector).

Donor Coordination (Continued). Hold donor consultation meetings periodically, to secure integrated support and sound
use of resources.

Communication and Awareness Campaign (Continued). Implement communication plan and awareness campaign on
various sustainable urban mobility related topics.

Thilisi Sustainable Urban Mobility Forums (Continued). Organize Tbilisi Sustainable Urban Mobility Forum to take
stock of the progress of the implementation of the SUMP and lessons learned from the various initiatives undertaken, and
to refine directions and action plans. It is proposed to organize Thilisi Sustainable Urban Mobility Forum every other year,
or at least every 3 years.

Consultations between Local and Central Governments. Based on the findings of the set of actions and studies, hold
continued consultations between Thilisi City Hall and the central government to prioritize projects, grounded on cost
benefit analysis, and refine investment and financing plans.

VL EOOAL T4 MIBERIC LS,
H R U S ERTACEIRS (SUT Strategy)
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Long Term Action Plan (2022-2030)

1.

2.

10.
11.

12.
13.

14.

15.

18.
19.

20.

21.

Planning (SUMP). Review and update the SUMP by 2026-2027 (in-depth review and update of SUMP should happen at
least every 10 years).

Planning (Surveys and Model). Keep the multimodal transport demand model updated and ensure staff are trained to be
able to use it and test all initiatives and projects.

Medium Term Action Plan (Continued - Completion and Evaluation). Complete all actions of the medium actions plan
{2018-2021) which might not be fully implemented. Evaluate achievements and learn lessons.

Bus Network Restructuring (Continued). Asses the performance of the restructured bus and minibus network. Adapt
the routes and operation plan as necessary to continue improving the quality of service and passenger satisfaction rate.
Metro (Transit Network). Complete by 2030 the upgrade and refurbishment plan for existing metro lines, including E&M,
rolling stock and stations (detailed design, procurement and implementation).

Surface Transit Network (Bus Based). Complete by 2030 the bus based (BRT) surface backbone transit network,
adopting universal design standards and fully integrated with other public transport modes (metro, bus, minibuses, NMT,
parking, taxi). Implement the project and secure commissioning by 2020-2021.

Urban Cable Car Projects (Continued). Complete the urban cable car plan to expand the coverage of the mass transit
network.

Surface Transit Network (Rail Based). Conduct feasibility studies to assess whether Light Rail Transport should be
introduced in Tbhilisi on some of the main surface transit corridors after 2030. Study the merits of commuter rail using
existing railway tracks for long distance travel within Thilisi Urban Area.

Branding. Thilisi public transport system is branded with a unigue, visible and attractive identity (possibly segmented by
mode).

Traffic Management and Missing Links (Continued). Implement missing links and bridge(s) to release traffic
bottlenecks, with consideration of surface public transport.

NMT Project (Continued). NMT projects are expanded and NMT features are included in all transport and urban
projects.

Bus Fleet Renewal (Continued). Complete the bus fleet renewal.

Targeted Interventions (Continued). Implement investment plan by Thbilisi City Hall for small scale interventions. Ensure
ITS system is used to continuously improve traffic management.

Urban Roads and Road Safety (Continued). Secure continued enforcement of rules combined with large scale and
continued awareness campaigns and ensure road safety features are adopted in the design of all projects. Traffic calming
zones are widely adopted. Thilisi bypass might be implemented should economic viability be confirmed.

Transit Oriented Development (TOD). Urban density and mixed land used is promoted along the main transit corridors
(metro and surface transit network). Key TOD principles and incentives are institutionalized, promoted and implemented.
Institutional Framework and Reforms (Continued).

The integrated urban transport authority (Tbilisi urban area), in charge of planning, implementation and operation of all
transport modes, is empowered, fully staffed by experienced sector specialists.

Reforms on parking and taxi have been implemented.

Innovative financing mechanisms and introduction of taxes, to finance public transport system modernization, expansion
and operation are in place.

Private sector participation is increased.

Financing (Continued). Conduct consultations to identify and select sources of financing required for the implementation
of the long term action plan (grant for technical assistance, trust funds, climate change funds, local and central
government budget [including sovereign lending)], private sector).

Donor Coordination (Continued). Hold donor consultation meetings periodically, to secure integrated support and sound
use of resources.

Communication and Awareness Campaign (Continued). Implement communication plan and awareness campaign on
various sustainable urban mobility related topics.

Thilisi Sustainable Urban Mobility Forums (Continued). Organize Tbilisi Sustainable Urban Mability Forum to take
stock of the progress of the implementation of the SUMP and lessons learned from the various initiatives undertaken, and
to refine directions and action plans (every other year, or at least every 3 years).

Consultations between Local and Central Governments. Based on the findings of the set of actions and studies, hold
continued consultations between Thilisi City Hall and the central government to prioritize projects, grounded on cost
benefit analysis, and refine investment and financing plans.

o HEDONA T4 MIHERICK D,
HEL P e UETAZ @RS (SUT Strategy)
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2.3 FEY VT E&DER
231 EE-BE

FEU RSO E X, FE Y 0 100%7T A @ Thilisi Transport Company (TTC) 73T
S>TW5, TTC I, MEU VHITEOMIZ, FEY HICBIT AR —EZX e —7
VA O, £ MY UHIROBFERAN—2OEFHE Efi L T\ 5,

FEU UHIFEE, VB MEFREF O 1966 451Z Didube-Rustaveli i 6.3 km, 6 BRTC
L., £, Line 1| OIEMBNELRED Hivnd & 3812, 1979 4D Line 2 OBAZEK LA
H OB I S L7z, BUIR DB Z T RS,

TOMTSKNETA o - FIRST me
3E60 C O e

953J0ITING MIVSED
AXHMETEL! THEATRE IO BIMEIBILN (ammaims | v 1)

MALNAY STATIONS 0w | Buee &

@OE) CoOMan
DIDI DIGHOMI -

SINIPOIENN (st st © mdanr=a ! todtams )
MUKHIANI BUS STATIOND Afdacadty) + ORIMALS £ DOUVGE 3

BRI DIBISD (ki bt NS 7 e )
BIGHIBNBIOT0  HOANLIANS0 ROPEWATS jmnt - & vass i - 1 WaGasn &
GURAMISHVILL

Q ==

SIAMNWNO0

T JRAR : Line 1, %E#R : Line 2
Hi#lL : https://geotourism.ge/tbilisi-maps/tbilisi-metro-map

B 2-15: FEY U TEARERE
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Line 1 (RO#R#) 1%, bEY v OHEMIZH > TREALLR O A I E S HRE 19.6 km
DEMTHY , £ 16 A6 D, Line 2 (Fkf) X, ME U v OBEBEAHHKITAET D
Station Square BRC Line 1 (28t L, it & MO K %5 542 7.8 km « 7 BRo
B Th D,

Ve MERRIZ, ERE 2 BERLDSOBRBROENE b E S e, FEBRITIEE S TV
720N, 1991 AED Y 3 — T ML PARR I i S AV IEfR L, Line 2 OVENED 2 BRTH S
Vazha-Pshavela iR (2000 4=FH2) & State University BR (2017 4EBHZE) oA TH D, FHEIZ,
FEU UHUFEROBR, K OREROBZER 27”7,

+® 2-10: FEY S TREDER

- R4 | B3 A B
Line 1 (Akhmeteli — Varketili Line) . B#&E& 19.6 km, 16 BR (km)
1 Akhmeteli Theatre January 7, 1989 -
2 Sarajishvili January 7, 1989 1.30
3 Guramishvili November 28, 1985 1.05
4 Ghrmaghele November 28, 1985 1.46
5 Didube January 11, 1966 1.90
6 Gotsiridze January 11, 1966 0.82
7 Nadzaladevi January 11, 1966 1.52
8 Station Square 1 January 11, 1966 1.19
9 Marjanishvili January 11, 1966 1.67
10 Rustaveli January 11, 1966 1.05
11 Freedom Square November 6, 1967 1.33
12 Avlabari November 6, 1967 1.32
13 300 Aragveli November 6, 1967 0.89
14 Isani May 5, 1971 1.15
15 Samgori May 5, 1971 1.25
16 Varketili November 9, 1985 1.70
Line 2 (Saburtalo Line) . B&RE 7.8km, 7R
1 Station Square 2 September 15, 1979 —
2 Tsereteli September 15, 1979 1.39
3 Technical University September 15, 1979 1.25
4 Medical University September 15, 1979 1.43
5 Delisi September 15, 1979 1.57
6 Vazha-Pshavela April 2, 2000 1.23
7 State University October 16, 2017 0.96
it . TTC
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https://ka.wikipedia.org/wiki/%E1%83%92%E1%83%9D%E1%83%AA%E1%83%98%E1%83%A0%E1%83%98%E1%83%AB%E1%83%94_(%E1%83%9B%E1%83%94%E1%83%A2%E1%83%A0%E1%83%9D%E1%83%A1%E1%83%90%E1%83%93%E1%83%92%E1%83%A3%E1%83%A0%E1%83%98)
https://ka.wikipedia.org/wiki/%E1%83%9B%E1%83%90%E1%83%A0%E1%83%AF%E1%83%90%E1%83%9C%E1%83%98%E1%83%A8%E1%83%95%E1%83%98%E1%83%9A%E1%83%98_(%E1%83%9B%E1%83%94%E1%83%A2%E1%83%A0%E1%83%9D%E1%83%A1%E1%83%90%E1%83%93%E1%83%92%E1%83%A3%E1%83%A0%E1%83%98)
https://ka.wikipedia.org/wiki/%E1%83%A0%E1%83%A3%E1%83%A1%E1%83%97%E1%83%90%E1%83%95%E1%83%94%E1%83%9A%E1%83%98_(%E1%83%9B%E1%83%94%E1%83%A2%E1%83%A0%E1%83%9D%E1%83%A1%E1%83%90%E1%83%93%E1%83%92%E1%83%A3%E1%83%A0%E1%83%98)
https://ka.wikipedia.org/wiki/%E1%83%90%E1%83%95%E1%83%9A%E1%83%90%E1%83%91%E1%83%90%E1%83%A0%E1%83%98_(%E1%83%9B%E1%83%94%E1%83%A2%E1%83%A0%E1%83%9D%E1%83%A1%E1%83%90%E1%83%93%E1%83%92%E1%83%A3%E1%83%A0%E1%83%98)
https://ka.wikipedia.org/wiki/300_%E1%83%90%E1%83%A0%E1%83%90%E1%83%92%E1%83%95%E1%83%94%E1%83%9A%E1%83%98_(%E1%83%9B%E1%83%94%E1%83%A2%E1%83%A0%E1%83%9D%E1%83%A1%E1%83%90%E1%83%93%E1%83%92%E1%83%A3%E1%83%A0%E1%83%98)
https://ka.wikipedia.org/wiki/%E1%83%98%E1%83%A1%E1%83%90%E1%83%9C%E1%83%98_(%E1%83%9B%E1%83%94%E1%83%A2%E1%83%A0%E1%83%9D%E1%83%A1%E1%83%90%E1%83%93%E1%83%92%E1%83%A3%E1%83%A0%E1%83%98)
https://ka.wikipedia.org/wiki/%E1%83%A1%E1%83%90%E1%83%9B%E1%83%92%E1%83%9D%E1%83%A0%E1%83%98_(%E1%83%9B%E1%83%94%E1%83%A2%E1%83%A0%E1%83%9D%E1%83%A1%E1%83%90%E1%83%93%E1%83%92%E1%83%A3%E1%83%A0%E1%83%98)
https://ka.wikipedia.org/wiki/%E1%83%95%E1%83%90%E1%83%A0%E1%83%99%E1%83%94%E1%83%97%E1%83%98%E1%83%9A%E1%83%98_(%E1%83%9B%E1%83%94%E1%83%A2%E1%83%A0%E1%83%9D%E1%83%A1%E1%83%90%E1%83%93%E1%83%92%E1%83%A3%E1%83%A0%E1%83%98)
https://ka.wikipedia.org/wiki/%E1%83%AC%E1%83%94%E1%83%A0%E1%83%94%E1%83%97%E1%83%94%E1%83%9A%E1%83%98_(%E1%83%9B%E1%83%94%E1%83%A2%E1%83%A0%E1%83%9D%E1%83%A1%E1%83%90%E1%83%93%E1%83%92%E1%83%A3%E1%83%A0%E1%83%98)
https://ka.wikipedia.org/wiki/%E1%83%93%E1%83%94%E1%83%9A%E1%83%98%E1%83%A1%E1%83%98_(%E1%83%9B%E1%83%94%E1%83%A2%E1%83%A0%E1%83%9D%E1%83%A1%E1%83%90%E1%83%93%E1%83%92%E1%83%A3%E1%83%A0%E1%83%98)
https://ka.wikipedia.org/wiki/%E1%83%95%E1%83%90%E1%83%9F%E1%83%90-%E1%83%A4%E1%83%A8%E1%83%90%E1%83%95%E1%83%94%E1%83%9A%E1%83%90_(%E1%83%9B%E1%83%94%E1%83%A2%E1%83%A0%E1%83%9D%E1%83%A1%E1%83%90%E1%83%93%E1%83%92%E1%83%A3%E1%83%A0%E1%83%98)
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2.3.2 EiTHiR

FEY UHIFERD Line 1 1% 4 Wifmak. Line 2 IXLARITD 3 Mifmak > 5 2019 410 H LV 4
WfmA CIEAT S TI Y HEEREHIL, A1 6 AT OIRK 24 R E TE o TWD, IR
F1Z, Linel ik & — 2 FLVERT&H % Akhmeteli Theatre BR & . Line 2 O P& 4 — I F/LER
T % State University BROFFZIFR A FLIC, TR E £ & T,

% 2-11: Linel - Line2 M2 —=IFJLEREIEDETIRR

BR. R R A FEIFA A& IRF A 1 HD 1 IFfE 72 0
MEAEL DR RAEL

Line 1 : Akhmeteli Theatre R

YH 06:03 24:40 259 17

+H 06:04 24:40 197 14
Line 2 : State University R

Y H 06:04 24:43 209 15

+H 06:04 24:41 206 14

HHL : TTC DL (http:/transfer.ttc.com.ge/?page=schedule&setLng=ka) % F&(ZFHA H1ERK

EH 1 HORPIEARSIE, Line 1 23259 K, Line 2 23209 K TH 0, 1 K472 0 Ok
A, Line 1 28 17 &R W, Line2 23 15 A/ HFETH 5.

Linel % — I F/VERM O FTERFFIZA 31 3 Th 0 | AZHREH &2 5 0 7o S H 134 38
km/h ThH %, Line 2 O ¥ — I F/VIEOFTEREITN 12 43, 1S HKRH 25 0 7o E X AL
#139kmh TH 5,

FFE 2 BROBZIRZKEIZRT, Zhbnb, MR OBEBEREMTIbAL TS ES
25, HAROH TS LD L, YHELHDIEAKOEN /NS, £72, B—
7 WEH & LS ORISR A AR O S I/ S0,
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E(% O Aussonun ajeys @ g dul : LL-Z F

(B &R H TT <y 1207) OLL : #ffH
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233 FABHO#HD

THIZ b Y U H FEROERFAIAEER OHERE 2774, 2010 £ 6 2019 40 10 4/ T,
7,890 HAD L{E 3,770 T NITHEIN L, Z OO FEHEINRITER 6.4% L, BV HUZER
LTW5,

L22L722236 2020 -0 R B Y HERERIZ, 2 v IS KV ZRREEL ST, Y a—
T BUFIE, 20203 H 21 HIZ1 HHOBRGFEES LR L, IB-T202045 A 21
HETo 2 2AMITEE SN, ZOM, T X TORAMAZBOETIIELEL SN, EDHE,
2020 9 HIZEHE 2 W DR i E D . FFE 1L HlZ 2B r » 7 Xy UsBita S i, 2021
1AL HE TRV, oMzl 202040 kv S FEkOF AR, BifED
443D 6,980 NI E THDLIAAT,

140.0

100.0 I
80.0 .
60.0
40.0
20.0
0.0

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

)
[EY
N
o
o

FRFAEYR BAA

ElLinel mLine?2

Hi#t . TTC

B 2-18: FEY UHMTHOEHEFATROKE

NEU UHFEROBIEDOEE X, BB D REE Y0 —f 05 GEL (8 0.17 USD)
T. Metromoney Card & FEEN B HRTF v — VY RKOEF I — R CTREAETH D, 2B, H
ALtz 90 s LIN ThIE, BIEe2 L THEFAT L Z & TE 5, £/, F4, bE
U v i O IRBESAGE F 0T 2 EEHE0, FEOBEELEOEEHE L H D,

&L LT, NEYVOANREFIIHFEEF U T, FHEYD—H 0.5 GEL, I =/
ADEEIIREREY Y 0.8 GEL ThH D,

234 REdE - EFORSH

MEU M FEIT., BRIFOLIE « EFO-DOEERHTIICRELTBY, AT L
BEROEFHLNREBEOMECTH D, Z DD, BETEY ZRimst — v 2 & ka2 He it
T5I1201E, BHIICSE - EFFH 27 2 ER AR R ER > TUWD, 2017 412 Cities
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Development Initiative for Asia (CDIA)!DZ4EIZ XLV b B U T FERO &7 S ER S 4L
TV, ZOHT, REHEO FEHRBICONT, LLFO LI IO b TN DY,

The metro system shows Major condition concerns including Safety issues. Despite of the
continued efforts of TTC to keep maintenance activities on track, major concerns shall be expressed
regarding the current condition of key components such as cabling, escalators, ventilation system
and water drainage pumps of the metro system. In general, most components of the Metro’s systems
are worn out due to decades of under-investment. It shows also a low accessibility adequacy,

weakness in the multimodality transfer with other public transport modes in interchanges stations

and a very low energy efficiency compared to similar modern metro systems in the World.

FREOBUEFE TIX, M8 AT AR OWTHE - T OEILE OBLE N S FHE
AT, F—7 NV, A L—HF—, Tﬁ&ﬂ‘/XTA Eﬁﬁ WY AT LER, &b
BRENEBNE OFFMRER L o T D, Z OFMALFRITIH - T, BRNAE BB SR T
mﬁm)\797%%ﬁﬁ(mm>@@%%xff\&@-ﬁﬁﬂ%%ﬁfhéohﬁ
DOYAEFHE, K UVEBRD + ADB OB OWTIE, & 3Tk 4 5,

2.4 FEY VHTHEOREFH

TFRIZHEM I e TR E S ORET ME Y SHFEROFTFE TN THoi T
W5, KFHETSH, 2010 FELEOT — X # AW THEREET VEHEG L, #istshizET L
EBBILLRBNDORZYEEZEZONOIRED FT, 2030 FETO MY UHITFEROFTFETHI
T 7,

HFH LT VIETRROEBEY THh 5,

Y=b*x? Y= bt U THIFEREREE (N 4) (Line 1 +Line 2)
X= RV DOFEE GDP
a= HIFERIREFRED MU o GDP (x5 11k
b= fR¥

R ald, WED MU T GDP IZxT 5/ (Elasticity) TH V., Ifliic, ~eY
> GDP OZALFE (%) ICxTHTEOEIFE (%) IZH LD, WE>T, hEU T GDP
REREE E#é & ZEV, TWEOEMENEHIN (za* MU GDPRESR) | =
NWERHFEDOTREIZLY | ROFEOTEIHEZ SN D,

%Tw%ﬁi\mm&m%mm9$®$%%§§k\%Emkfvvigfmp%%wf\
FUFHIC L VAT o7, T FHD 2020 FEICHOWTIE, By 7 X010 L AR FEE Y
2 v VT RAMAZB T —ERAD—RHEILENRH Y | ISR ETH LD, 2020 F7—H 1%
FruN=, F 7z, Line 2 @ State University BR2Y 2017 4F 10 HIZBHZE L7272, 2010 £ 5

Ly T ERRIT (ADB) WEEHT LT N FitiEe,
12 Hi#h : Pre-Feasibility Study for Tbilisi Metro Upgrade, Final Report, November 2017 (SYSTRA #1:AE%)
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2017 #£FE TO Line 2 TEIOMIEZ 1TV, [FIBRBHERTHR OS2 R & L7158,

RIS R0 WAPE a 1 1.39 EHERE S, #EHRYIC

BT, BT NVOFEEE~DT

4w FPbEWEDRER Lo 7¥ ZofEHEREZSEIZL DD, IMF ®Y 3 —Y7 GDP

BEZROTHE., THEDORE YT GDP DRERLERE L., WFEDOHEY

ZLLTIZRET,

REEAT 2Tz, FEA

o FHETHOELDOR—AZLBEEOHEDT- D, 2022 F£HIZaa FHENNET D &
WREL, £z, MY TR HEZED D ALAZE~DEIRIE X 5~ HE T #k
(BRORR) VAT AOWENEITHTH Y . 58 beEO B L T <
ZEEBREL, 2023 F2, 2019 FE LV OFRE GREEE 3,770 HAN) DEET

D EGE, 02023 FEOFES A TRION— 25 e Lz,

o 2024 FELIEDOFEEDEME(LRZ TRLORED T THH,

- 2024 D 2026 FED Y 5 — VT DFEE GDP BiEEZ, IMF I X5 THIAZ S
BIZLUTHERS0%ERE L. U, a1 5 & RE,

- 2010 AE D 2019 FED 9 ER D Y 5 — VT FE GDP DB R E RN 4.7%.
NEY U 5EE GDP ORI RERN 42%TH Y . TDOEIL 0.5%KA > K,

2024 FELIFE . B TARSFRIIC 0.6% A > N DEERE,

- 2024 FEDOFEED FE Y L GDP HAME, Sl OHEFE L DA TN TS LK
EL 1.2 ER%E, L, Ra KT 95 EIGE,

£ 2-12 : FEPAIZAWEINS A—2DETFE

RTA—H 2024 2025 2026 2027 2028 2029 2030
(WIMFIZXpYa—YTHE
i } 5.249% | 5.201% | 5.201% — — — —
'E GDP i EH T HIE
Q) ¥V a—T 7 EE GDP ik
e 5.0% 5.0% 5.0% 4.5% 4.5% 4.0% 4.0%
ERORENM
(3) FEUIFH GDP kK
) 4.4% 4.4% 4.4% 3.9% 3.9% 3.4% 3.4%
R (=LiE2)-0.6)
(4) TBED YT GDP
o 1.2 1.1 1.0 0.9 0.8 0.7 0.6
PO ENE
5) FTEOFEME(LER
©) ﬂi Hf 528% | 4.84% | 4.40% | 3.51% | 3.12% | 2.38% | 2.04%
(=kF3) * Eit@4)

2%  IMF @ 2022 4 & 2023 4ED Y a — V7 GDP lERO TN, ZHEh. 5.764%. 5.494%,
Hi#l - IMF, World Economic Outlook Database, October 2021, FH#[H]

18 HARAIZIE, 4ERi3E L T State University OFIFH S AIHE & 72 o 72 2018 4LARED State University TORE
D Line 2 RO RELIT T 2EIG 4. 2017 FELATS A% L E LT, 2017 4ELARTD Line 2 DRELK
EHIIE L7z,

14 f2 5 a OHEEMED t 1% 17.9, £ /LD R " IFR{EHIT 0.98 & HFH &z,
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FROBREICED S HFHRER TR OM R L REITRT, 2030 4T 1769 B HA LD
TR E I2 Tz, ZORERIE, 2020 4£00 SYSTRA i #15 K O8 2021 4E R fL CHEME T o> b
t U > Sustainable Urban Mobility Plan @ K 7 NEERSZH51T 5 2030 AERES D Tl & 4
4% CTH D, F7=. 2030 0 176.9 | H Al 2019 FEOH FEFEE %K 137.7 H 5 A (2023
FEIZEIET 5 LRRE) D 285%HNT 5 L DO THIFERTH D,

£ 2-13: FEYUHMTHOEETFRER

(S 2023 2024 2025 2026 2027 2028 2029 2030
SRR
CEIN
R A

137.7 144.9 152.0 158.6 164.2 169.3 173.4 176.9

RN RKE 2B E 2> TS FE D S TlE, BEIEASERD S A ILAT @~ DfiEH )
WELOFETH Y, & 3 BTRRDEY | AHZBE AT A (MFELOVIR) OLEN
ERRERE O 2GRN HED SN TETWD, WEIVERT, Ya—IYT7ROMEY &
DO RFREBME - T, ikom@y) e ) ISR I RE <#EML=, 2010
FEMND 2019 F£0D 9 FERIZ FE Y O ANHIE 6.5%8 ML 7=DHTHDHH, M FEEOF|HE
UL 74% ML TW5D (ZO/o ke 2 EE GDP 1 45% ) .

FEU O NDITIEEREMEmEZ R L TR YY, bEY UHICK D A0 FRIZFEE L
wb@@ [EE D 2035 FF TOTFRNC LU, BEE»#ET2 & o Tnas, —JFT,

TH KA @D 6/\i\b§CL’\@E7‘£é$ﬂﬁ%léh . FEU UHIE, 2.6 @i TRTIE D H R Ek
HERFHECIR> THTEHC AT 20U A EY - WREZ#HHE L T ERTHY ., 224
Mﬂﬁﬁﬂmi FROFTEEFRFER N RT L O, #FERIAIRS & E ML T b
DEEZLND,

2.5 RENREROHME

25.1 Hil

TTC BMrAT D EmOIEA, #m$, #iE4E, Capital Repair X° Medium Repair 3/t
U FORIRT, BAFOBEMOMAFELITISFETH S, TTCIEL, HrHm O FHmEN T H
MO L=, SR A8 2 72 HE 2OV, Capital Repair <° Medium Repair %470

15 SYSTRA #1:IZ & % Restructuring of Bus Network and Implementation of Integrated Automated Fare Collection
System S DIAEHREE (202046 H) 2BV T, NRMATREY VTS OFRE TR S Eii ST
Y. 2030 FEOHFERRERIL 172 BN LHEFFE LTV D,

16 Ramboll #:D3FiElZ X 5 Sustainable Urban Mobility Plan (SUMP) for Tbilisi ¢ 2021 #EREA D Scenarios
Presentation & Evaluation (K7 7 I) IZBWT FE U UHHRBEORETHHRREPNHEINTEY ., £h
Wk auE, ISk %1743 Non-Motorized Transport (FEERENRAZME) B 24T 9 HAE DTV 4,
gE, MTFEROEM AITHT TDM (RBTFEE~Y IR A ) WREITHIHEO YTV AT, 2030 0
N BSRE LI 175 55 ARIEORR Lo TV D,

YH2ED21IMT/RLIZEY . FEY @ 2010 A HIE 1,100 T A, 2015 FEAHIE 1,116 T A &L 2010
ERAPEIELOM N TH o 7283, 2021 FFI21F 1,203 T A E22-TEY | EFEEINMERA RO,

18 Hidh : [£]3# World Urbanization Prospects 2018 (https://population.un.org/wup/)
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HL 0D A
508TM [&. Capital Repair 73 2005 — 2008 (Z

L2xL, 2024 — 2027 (2

VETHD, DFED ., 2024 F) D
DHEFIZHOVWT H, 2039 4 (2036 - 2042 D HI9L4E) 32

& 2-14: EmMORR. W, HEF. KBEEOREFF

b 217> C& 7, TEmibZOMmMAFEEIL, 50 F£TH D, fFlzx

. Medium Repair 75 2015 - 2018 |
JIEMRES I A Z UL Lok
2027 7|2 52 [ o H#jit %

IX. EmM-3M & Em-
Rx TN,

VIR ATREZR 7= O HT B DN

HETDIMEND D, FEEICH
CIZHT LWHEICHE BT 20BN H D,

Model Type Quantity Production | Year of capita_\l re_pair Yea_r of Medium r(_epair Final expiry
year and modernization with modernization year
Em-3M Cab 26 1974 — 1977 2005-2008 2015-2018 2024-2027
Em-508TM | w/o Cab 26 1974 — 1977 2005-2008 2015-2018 2024-2027
81-717M Cab 62 1986 — 1992 2008-2018 2019-2029 2036-2042
81-714M w/o Cab 51 1986 — 1992 2008-2018 2019-2029 2036-2042
Ema 81-502 | Cab 8 1979 2018-2019 2028-2029 2039
Ema 81-502 | w/o Cab 19 1979 2018-2019 2028-2029 2039
Total 192
£ : TTC determined Em-3M and Em-508TM will be procured of which 44 cars are procured by the EBRD loan.
High : TTC
TTC X, —BRAMED R EM-3M & Em-508TM O EH 41T 5 79I, 2 FFFiic =2 >

w74/7¢%kﬁ$ﬁ®&m£#®ﬁw BT - ARG L, £/ EBRD n— %15
7co 2020 -3 A, TTC (X EBRD m— > ZFH L7z 40 MO HEMFHEL AR LTz, TTCIZ X
L& ALOFER 40 OOV I, 44 WMOHEMAZFEST HFIT/Ro7z, XD D8 (52—
44 = 8) IZHOWVTIX, FHEEEOBRFIZ NS TH D, LLENS, 2039 4F (2036-2042 4
OHRAE) SZITFED O 148 [l 2 EH T 2 M ENH D,

AFHAE TIZ. EBRD DOFHEICHIVTHEE L 722 % Bl O i 72 i E w5 -
AFLIERT 2,

FEERIZ W TR

25.2

BB DR EE A O G
EMEEMEE LT D,
WRTHEAZEE L TV,

S =

170,

2.5.3

ENTIk be
WE LD, TTC X
kR E R (EUR15 BH) TITO PETH D,

Bhitie. BES. &fE

HiEh - Ti§

AL, KFHEICIZY LN

5 HERRIEIC

T CLRSF AN AT HE

Frmix, BEFOES) - BE5 T AT ANTHEMATE Z2MLERD D,

LT, BEAF O H A - THOLLEND D,

ZOWTIX, EBRD HHESFETUTF
COMBEEMRIAFRETCHRI L THLH-O, KFETITZINALD
72 o T FRRPWEIZIOWTHES

(W ABE & 70 2 8T B O PR ST SR A il 72 72 O O BEE AL M « 5 OB

L O ELABEICHE ST\ 5 EBRD = — > Tranche 2 Hijfj kil &
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FH L FEMTEILZ ADB B4 TiThbi b, TTC 1%, BEZ OO EBNR LB L T
I/\éo

RFETIE, 2L L THEBEXLE L BN AWBEICHOWVWTHRENT 21, WETLHFOE
FIARFZEIZE D\, FH M ORSF A 723720 O B AT AR « 25 21X H i
BHICEENS, £, FTLOWEEO - D OESFEE O IERICHOWTIRERT 5,

2.6 WTRERBZEOTS5A44Y T4

AELZBLT, PEYCHITEBRETGFED T4 4 ) T 4, BEE, BEOBRIC
OWT, THHRINEE - BRE~OE T ) & T o7, FEFAILLTOEY “C&;éo

1) FEYSHZRE - #hBEAFEE (Transport and Urban Development Agency: TUDA)

TUDA (%, FE VU TOXRE - BMBEROKIE « FhaC, /NA - Hi Mgz S TeAI @Y
AT LML AKZWNESE AL LTS, TUDA O FEEHWFHEICR D E 2 HF O EE S
XLLT DY Th D,

o FEUTHITEROUR T 1 s T AODENBIEEITH THY . £ 5112017 FFIC
YER & 4172 Pre-Feasibility Study for Thilisi Metro Upgrade® (271 > THEhi ST\ 5

o EHEEWEEITO ETOTITAAV T 4 IFBUARIERIC L 2D TH Y, EX/eESE
BEITIAEAE LW, MU RSB M FHEIC DWW TIE, 2040 A2 E TICATOHEBOE X
WAPLETHY | HITCBHRMRIRTIE2 <, FEii L bRrWHIETSH
%P

o IFHARLANTIHY, TUDA & LTiEEdH 6D AZTEH L CHERHZEIZMIT T
LWip7 m & LT\ 5, EBRD HEIC K L HMFHE, HABNFLO ST 212
LA EDOE G EDO—ETH D, HEGHEIIA L T—A 7 7rERATHY,
—IRF 77T A AV T 4 TR,

o AKHATETHROMM T nt AL LTI, AREDHRE TUDA & L THEAAY 28]
BD (ERICBORZ2BLE D ) BEtL, 20 BT, FEU Uik - @l
(VA N) IZHAT 5, REEOHMEN TR INIUT, RIZ, ORI A
¥ NG EIREOVENE A B O TIHBA K ORRYE - Fifti e BECHAT 5, =
O HRBUF~OIRRZBIIBARN 7T nE A TH D, FREFFICLD2EEFEIRLIE
BREX, RAEPIIINBOERBIZ L 525, b EELREMIIMEE TH 5,

19 BARA)RHEEZE 3 5 32 #iLIRICRE L, 25 F3IE, EBRD XEIZ X 5 Thilisi Metro Project,
ADB X #%!Z X % Sustainable Urban Transport Investment Program } O} Livable Cities Investment Project for
Balanced Development, hE U UHTHICE D ESN TV AM FEROKESEEZEATRBY, Zhbid
4:7C Pre-Feasibility Study for Tbilisi Metro Upgrade (2017) (2B W CTELE D EWEH & /e > T\ 5,

20 feY UHINEROB R T R YT A& RE LT ADB XHEIC K H2FAE, & 3 = 3.1 S FAAEOME LR
L7z, ZOMETHERSNIM THRIRE T 17T JMTRWT, HTNEEEM OFE b EIEEOmWEHO—
DL TN,

2L #5948 1% Ministry of Finance, #%7% + Rt B4 13 Ministry of Economy and Sustainable Development T
Hb, Va—TUTITEIREE EEHINDGE TR, REOR VAT 4 v 7 ARKIBITIRGE - Fii s RE
PHEE LTV D,
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2 Pa—CTHEE

AFIEHFEIHIZ TUDA 28U T, b BV SHUFEEET HEE D 72 O DRI ME A D AT HEMEID
DNT YV a— VT MERICREETo2E 2 A, aa T BOIRN T O OB R TILETH
EADaIy NEeT 5 LIFHKRR2NVbOD, FHEGEOESHRHEIIONTIEL, FEY
A, WMBEE & RIEADOMLBERIZOWTRFT 2 Z 81k d, EDZETHoTZ, 20D
WHA OIEEIL, TUDA 22D LNEARREZTHROBRF 7 rERA (Ek) ONELES
T 5,

(3) REEEBREDESHE

ke ik, EBRD OX A5 C, 2017 4£Z Thilisi Green City Action Plan: 2017-2030
(GCAP) ZfEpkL TW\W%, GCAP Tid, &, b/ () | E¥E, =FrF— LTK
., BEFEY), LHRIA - AW, LY U A0 8 DO IZONWT, IR E Y 3
v, ERMEHY A S, Green City iR IER SN TWD, KL, 2o 80HD I b —&H

SEE L THRONTEY ., TFRaRERMHEE Y 7 0 AT AORRE] ZHRIEHE Y
2 E LT, A2y NT—7 ROMMOAZEE — FIZ K D3R89 T (Efficient) . #7711
T (Attractive) . FIEM:NE < (User-friendly) | B4 D&H % (Competitive) AILASE T
AT LD LR -> T\ 5,

GCAP DA 5y B DHEME ) B A% & Y Green City JiisR 2 DWW T, /N ARSI S) SN E
MRWQLEOT%6%®®\EMDi\%TﬁﬁﬁﬁL%£3/$WX/Fk¢é
Thilisi Metro Project {22V T, GCAP THIE SN/ B =— X THHALRBEOUFEICE T
HZEEPRLTVNDE $%ﬁ@$fﬁotEmm>kfuviﬁﬁk@4y&el—v
BN TH, EBRD HEIC L 2 FELE M FHIEIX GCAP [Zih»72b D ThHDH Z &%, EBRD
M HHMEICE Kk ST, AT TRE LTb\éi&Tﬁkﬁﬁﬁ}ﬁ%% [FIERIZ. GCAP 723 9

(R FIRER B TEE U 7 4 AT LAOBR%E ) ICHT 2D TH 5.

Flo, Va—TUT7HEREFS, BRMNES (EU) ORZSTER L 2018 i 7%5 L7
Third National Environmental Action Programme of Georgia: 2017-2021 (NEAP-3) 235\ T,
Iy EFonTng 12 o805 6, KRRGESER, JUELE) (Rl {EE?JJS'E%X

(am)ﬁﬁ) 7V —rxay I— - FfalRERICR T S BREME O 3 58T, &2
(RS D EADRLBIE R SN TV D, AGHE TIREOH T EREmFHEIL, B
WVmwaF% iR T D NEAP-3 ICHAET LD EF R D,

TUDA (2 XAuE, i~V R OEZE L~V ORBEERCR R TRERT B ) 7 1 DENK %
ETMRIANE Y 3 2 &THICE VT, %EJ/ BT 2 ZEEERE OBE 21T > TV D
EDZETHY, ZOEKTS, AIAZ@EOUFE, &R/ —IZE T 2 H T S oz
FRITIAERREELE RS,

22 Hidit . EBRD, Georgia: GrCF2 W1 — Thbilisi Metro Project, Approved by the Board on 23 April 2020.
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HIE FEYIUHMTRICERSEMHE - BROLEL—

3.1 Thilisi Metro Upgrade and Refurbishment Plan

7 VT B ERIT (ADB) DNEHT L~ T R —(FitHE4e ThH D Cities Development
Initiative for Asia (CDIA)Z2DIAZIZ LV, 2017 A2, FE U U H FERICAR D LREaFm O VERL
DNEJfi X7z, SYSTRA thEHiha 9% s Th D Spectrum Consulting #EiZ & 5 7]
WEERNZOFTEER 2L, &t & LT Pre-Feasibility Study for Thilisi Metro
Upgrade @ Final Report (LA . Pre-FS) 75 2017 4 11 A IZ/ER S 7=,

Z O Pre-FS TiX, MY UHEBHIZZEOBUR L IEDOIE, MY SHIFEES X T ADE
FEHY 72 BLDLREAT & R A Ze 51T REGL, B OB SENENLAT . REFIRIERL., FEERAR
Hl OIS, FRE - MHBONT. BREMSAE, Zarkiil, FEEMHO L 2 — & EEEE
BT —Z X—2AOHRE, FENEH Iz, BiOBLETANL, Him, Zam, s
A X7 b RREME, BT ~ORE, REIGEORIENRESN., ZhOEFICL S~
NF 2 F7A4T VT 08 (MCA) IZX W iThilic, MCA DfER%Z FRITRT,

® 31: FEYVHMTHROBRICHES Pre-FS ICX S ERBLE

Component Score

Cabling 62,27%
Escalators 60,52%
Ventilation system tunnel 60,00%
Metro Trainset type Em-3M / Em-508TM 55,22%
Metro Trainset type 81-717M [/ 81-714 54,03%
Power supply 52,74%
Building of stations 51,78%
Track 51,53%
Mew Signalling system 51,02%
Fire protection system 50,58%
Drainage system Tunnel 49,32%
Gate turnstiles 45,27%
Telecom. 42,01%
Other buildings 32.7%%
Maintenance equipment for rolling stock 28,74%
Maintenance equipment for infrastructure 25.37%

Hi L : Pre-Feasibility Study for Tbilisi Metro Upgrade, Final Report, November 2017

% CDIA ® 7 =74 A | : https://cdia.asia/
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Pre-FS TiX, hEYU THITERDKA L AT AOFIH, K2 AT LATHELRLEEHMO
A, BiFOBEELEEA TREEFNPEL STV D, KEHEHOE LD (BRERO
B R ORE) 2 TRISTT,

#® 32: FEYSHMTRHROBBIZHES Pre-FSIZ L2 EERA

Need Need Need

Need repair repair repair TOTAL
Component urger‘it <2 - after 5 (.UZSD
repair million)
years years years
INFRASTRUCTURE 6,34 7,42 9,00 46,23 68,99
SYSTEMS 0,00 3,45| 60,05/ 0,00/ 63,50
CABLING 5,29 0,00 0,00 0,00 5,29
Design, 2“99'7 ESCALATORS 17,70| 14,70 17,70| 24,30| 74,40
and ROLLING STOCK 0,00/ 5,09| 881| 6435| 78325
Rehabilitation

e MAINTENANCE EQUIPMENT 0,00 12,32 0,00 0,60 12,92
ELECTROMECHANICAL 6,09 1,27 1,05 0,60 9,02
POWER ENERGY SUPPLY 8,17 3,34 6,35 0,42 18,27
Sub Total | 43,60| 47,58 102,96| 136,50| 330,64
Geotechnical surveys 1,50 0,00 0,00 0,00 1,50

Additional Studies
subTotal| 45,10/ 0,00/ 0,00/ 0,00 332,14

10% of Material/infrastructure
Work supervision = et 436| 4,76| 1030 1365| 33,06
Components

10% of Studies + Design, Supply and
Contingencies | Rehabilitation works + work 4,95 5,23| 11,33| 15,01 36,52
supervision

TOTAL| 54,40| 57,58  124,58| 165,16 401,73
% 13,54% | 14,33% | 31,01% | 41,11% | 100,00%

Hi# : Pre-Feasibility Study for Tbilisi Metro Upgrade, Final Report, November 2017

T2, FEIUR—3 FOREEHAICHOWT, 12 FOEBHMICEB T HEEONRE
WY,
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% 3-3:Pre-FSICKBEFEaAVKR—RY FOBREEAOEERNAR
1) Yl LR KO VAT ZER< Be&&E A (A7 USD)

Years 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
fl:‘-‘r‘\”:;'ih“i“' 29 | 29 | 24 | 24 | 18 | 82 | 76 | 0 | O |04 | 31 | 28
Infrastructure 32 | 32 | 37 | 37 95 | 95 41 | 17,4 | 14,6
Systems 26 | 26 | 1,7 | 1,7 | 178 | 2341 | 181

Escalators 89 | 89 | 74 | 74 89 | 89 12,2 | 12,2
Rolling stock 25 | 25 356 | 356 | 0,1 | 01 09 | 09
:E::i";::;“e 62 | 62 03 | 03
Electromechanical 3 3 0,6 0,6 0,8 0,8

Energy Supply 41 | 41 | 1,7 | 17 33 | 33 01 | 01
SUBTOTAL 247 | 247 | 26,2 | 262 | 196 | 90,4 | 839 | 01 | 01 | 45 | 33,9 | 30,8
czr;i?:;;ncies 25 25 2,6 2,6 2 9 84 0 0 | 05| 34 | 31
TOTAL 272 | 272 | 288 | 288 | 21,6 | 995 | 923 | 01 | 01 | 5 | 373|339

2) Wi LR RO VAT 2508 &H (85 USD)

Years 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
Geotechnical
survays and Wark 3 31 2.6 2.6 2 9.5 o 0 1] 0.5 4 3,7
supervision
Infrastructure 33 3.3 4 4.1 11 11,2 52 | 225 | 193
Systems 27 | 28 | 19 19 | 20 | 277 | 213 [ '
. Escalators 9,1 9.3 7.8 81 | 10,2 10,4 15,7 16
Rolling stock ' | 27 | zs 41 | a9 | 01 | 04 12 | 1.2
ZT;JL:.'EREE | | 66 | 68 _ 04 | 04
' Electramechanical 31 3,2 0.7 0.7 ' 1 1
Energy Supply 4.2 4.3 1.8 1.8 3.8 39 0,1 0,1
SUBTOTAL 254 26 | 282 288 | 221 | 104 | 987 | 01 | 01 | 57 | 438 | 40,7
cm_s:;ncies 25 26 | 28 29 | 22 | 104 | 99 0 0 | 06| 44 | a1
Value added tax 5 52 | 56 | 57 | 44 | 206 | 195 | o o [ 11| 87| 81
| ToTAL 33 338 | 366 | 374 | 286 135 |1281 | 01 |01 | 74 | 568 | 528

Hi8l : Pre-Feasibility Study for Tbilisi Metro Upgrade, Final Report, November 2017
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3.2 EBRD ZEICkHEXE

3.21 Thilisi Metro Project

EBRD (X, FEYU UHITEL 40 O EGFHESL, HETZT KL M RXArD U NEY 22
R—> > bk &3 % Thilisi Metro Project (2% LT, 202044 HiZ, 75 G h=2—n% EfRET
LT oa—r K L, Rla— 3, 200 70y =nbkd, Fori=1 (k-
FR 60 | h—u) (40 WO FEkEE (10 fapk) OFFEIC, T v =2 (ERISHT
2—n) FEEHTRER R RO AEVIEHEIND, 2B, RETSHET2—aD)
H, EBRD A 65 B H—nZ@&EL, FT7o =1 OREDHIH 10 B2 —12{Z2O0 T
WX ERE R4 CTd D Green Climate Fund (GCF) #/Hfit5. 515,

ZOMEOHEANZTY a =T B (REEBIIMESE) ThY, B&ITMBENL b
U SHICEER &, TTC 28 EBRD OFi#EL— it > CTIEA EMT 5, FFrix 1
O FERE M FHEEIC OV T, 2020 4= 3 AICHHE TR = 23BHAA S v, 2021 4F 11 A BIfE,
MNLFHEN EfiT Tho7=, bT vz 2 OHEBETARELR R RAD U ANEVIZOWTIE,
2021 4% 11 A BUE, FEMIERGT « FEEMSEAITH> 2% > Fd TOR % TTC 23MERKH
ThoT,

3.2.2 REYS - 1IRRET 4 —~DXIB

EBRD %, 2010 “FfXHEE2 D, PE U UICHBITHNRNAE I X —~DOELFEML TV 5,
TRICEEDFEEA RTS, 2513 Lo Thilisi Metro Project & [EEEIC., WFhe V7Y
va—rThY, EANTHD Y a — VT BIF (REFENTMEE) 220 B Ul
BEiL, TTC BREFELEEL T\ 5,

% 3-4:EBRDXIBICKB FEUY - RREH 4 —F%

TEA MEOME., WRFE
Tbilisi Bus Project ® UK 2016 4E5 A, AE/KERE (27 B i —nm (FEE 1 39H
Ja—m)

o [BEAN:YVa—UTBIN MBEE) . Va—YTEMNNL MY
U THIcHiRE S, TTC BNHEE% Eli

® G HIROMKIERE RIRHT A (CNG) /NAHH 175 D
FE ONAT, 7T Mk 2SO 10 Ehib)

Tbilisi Bus Extension | ®  7K# : 2019 4 11 A, REKFE4E : 80 5 i1 —11

o [HEAN:Va—UTHFF MEE) . Pa—TTEBN»L MY
U UHICHERE S 4L, TTC N34 FEli

® NHEE IR OKKREME KR A (CNG) 7N A HUl O
NAFEROYNEY - B

2 GCF 1%, B#&i& EED GHG e - B - WU (FBFn) & SUREENC L 0 B ~oxt @ik %
Ei Db DE N X ETHEERES, (GCF 0w =7 %A b : https://www.greenclimate.fund/)

B 2B O REY Y R X —FEITBNT, WY AEhE, R, R = Anadolu Zv—7
DEFAEFETH D Anadolu Isuzu Otomotiv San. (AIOS) F: (Kfh: A AKX 7 —)L) 28, THET 400+
FIONAHTEEMALTEBY, MY EHHREE 7 X —IZBI2 BREEDOREREHLE > T D,
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Mz C, 77> M X 2B O ) o Fhi)
Tbilisi Bus Phase III ® JKGH 12021 4F 10 A, EEAGEAH 83 H 2 —nH
& (BAN:Va—UTEN WMEE) . Va—UTENML MY
UTHIcHiRE S, TTC BNHEE% Eli
® G F R OMKIER KR T X (CNG) #Hi/NZAHK) 200 &
DOFE, ZNODONAHOHHT RO
Nz T, 77> MC X 2B #1710 FhE)

Hi# : EBRD

EBRD (%, 2017 4= 9 AIZ{ERL S 217~ Green City Action Plan: Thilisi, 2017-2030 (GCAP) -~
DEBHIZIEZIT>TEY, FRROANRZAEEHES~OFEIL, GCAP 28175 U IR
WOBOTRREITIhsT2bDEF R D,

e Sustainable Urban Mobility Plan (SUMP) D&

o NAHMOEH (K / ToxI vl g RA~DOEH)

e NZAXvy hU—7 DOk

o T—T U A, A buOH LY RAT MK DIREICIRD FS O i
o XU —DHH

3.3 ADB ZiBIC K BEX

3.3.1 Sustainable Urban Transport Investment Program

NEU T EEGDY s =V T OEERIICR T 2l @EfE 2 B & LT, ADB 3&IC
X v Sustainable Urban Transport Investment Program 73 2010 “E(ZBHsE S 7=, REE 7 o/
T LK LT, B T v = B Akk%D ADB @ Multi-tranche Financing Facility (MFF)
EMEEN D HFRIC KLV BENERS N, G5F 5 2O T v=pithasni, £r70v
T OMEERMGHFEL TRIORT, £70, FRET 17 7 LOE&OF N IRMIZRT,

ZoOEETa 7T AO—HE LT, PEUCHIT#OEML Eisnz (FF7rvx 1
LR Zrv=b) , hTrivx LICKDHITFER 2 BHROIEM & State University BREEER X
2017 258 T L, 2017 4F 10 AICRIBR & CTOEENHIE S Nz,

& 3-5: ADB X#EIZ &k % Sustainable Urban Transport Investment Program

Tranche # MEOBE, WHFEE

L/A : 2010 458 A, RIE/&KAE : 85 |50 US Kb, 56T : 2021 44 H
fEAN ¥ a—U TS, Fhut%R © Municipal Development Fund of Georgia

Tranche 1 | ®  REU UHITEE 2 SAROIEM, KON State University BRoO &R
o Tofth, BUFENFDOTF 27 VT (Anaklia) IZBITDINEHRE, AAT 4T
(Mestia) (23317 % 1 B F i 2

L/A : 2012 4F 7 A, RUE7KREEE : 65 5 US R/L, 587 12021 4E 5 A

fEAN ¥ a— YT B, ENuHBS . Municipal Development Fund of Georgia,
Ministry of Regional Development and Infrastructure

® B UT— L ZXF U1 (Rustavi) MOHEHTERZ EZTNERKE 7 ¥ — 0%

Tranche 2
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+ DT ST Rl A R A A

L/A : 201345 12 A, RlE/H&GEEE : 73 55 US Kb, 587 : 202144 A
fEAN ¥ a—T T B, FEi%B : Municipal Development Fund of Georgia .
Tranche 3 | Ministry of Regional Development and Infrastructure
® |t VUTY— 12X T ¢ (Rustavi) [EIOHESHTEREM., BifnFE07 207
(Anaklia) |25 DinFRE%
L/A : 2015 4510 A, @lEAGHEEA : 20 75 US Kb, 587 : 2021 4 4 A
Tranche 4 fEAN ¥ a —Y T BN, FEu%B : Municipal Development Fund of Georgia,
ranche
Ministry of Regional Development and Infrastructure
o HiHnFEO/NL vy I (Batumi) (Z351) D IEREME
L/A : 2017 4 12 A, @EAGHH : 12 5 h=—nm, 581 1 202146 A
fEAN ¥V a—YT7 BN, EERS © Ministry of Regional Development and
Tranche 5 Infrastructure, Municipal Development Fund of Georgia
ranche
® Rechabilitation and improvement of Tbilisi Metro (replacement of low and medium
voltage power transmission cabling, rehabilitation of ventilation system)
® TTC Ok %
High : ADB
------ | Asian Development Bank i-l------------------. Dhveet
et ! .1 ]
Py E l & ; ANt
: L i
E Government of Georgia — Thilisi and Beneficiary == '
—y Ministry of Finance Municipalities i
e i
conaracs ; : e
$100,000 | P i gm0
JRPSRRN MDF Pietetiuieteisiete
E Asieds e ver Pronile services i !
i Payments for Fapmnts for E !
: CvaraTEr eV COntrants uoher i ]
. $100,000 #100.000 : ;
Suppliers and . i o Consuttants and ','I
contractors P - suppliers B
Kay to amows
Relagass A pajprnenis —
LT repayTents ——————————
Acthalies [ S - >

¥ : MDF = Municipal Development Fund of Georgia
Hi# : Sustainable Urban Transport Investment Program -Tranche 1, Project Administration Manual (2013)

B 3-1: Sustainable Urban Transport Investment Program D& E&DKH
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3.3.2 Livable Cities Investment Project for Balanced Development

ADB % 2021 /10 Az, ¥ a —Y 7 IZx9 % Livable Cities Investment Project for Balanced
Development ~DF&E 27K L7z, FFEZ, MV E25HY a — U7 OBHMUIR A X5
LT, W)EEHTREEBNCRWETA 770U e Y - i, ROFHi— e 20
i, QENOBIEY FAZ—ICBITHT 7 &AM - M - U T 0 OSE, ()R
A RE 7R H T UGB 56 D 72 O DRE b A BR (Output) & 26D TH D, FEHEME
1805 5 US v HH ADB 28 1199 B US R Z@ME L, Y 22 a — VT BINR T
E RS

FREQOKEO—EHE LT, PEUHTEOr —7 VHER, N FL—F —3%E, H
TEIR~OT 7 2 AE, HWTEIROLBENE LD,

FEFERAEHNITROBEY T, ADB BEOEANIY a =Y 7B (WHBE) . heY
TR T o7 ey 27 SO FERuBERIX R B Y i, Tbilisi Development Fund (TDF)
Toh D,

Government of Georgia ‘

Asian Development Bank 4
P 1 Ministry of Finance (MOF)
®
b h
Executing Agency 1 - Ministry of Regional Development and Executing Agency 2
Infrastruc ture (MR Thilisi ity Municipality [TCA)
L} h 4
Implementing Agency 1 Implementing Agency 2
Municipal Developrent Fund [MDF) Thilisi Development Fund (TOF)
ADB Project Management Unit e
individual Consultants Seconded Staff Consultants
| h
Business Developrment Facility ] Design Supervision Consultants Design, Supervision Consultants,
T 1 Technical Assistance & Training Technical Assistance B Training
Agencies (to be decided) | ]
¥ L

1
] .
T i Contractors Contrachors |

Tralning Local banks ]
Institutions ‘ ¢ microfinancing ||
Instituticns ]
' 1

e ... Dwersight Maragement | Implemertation | Censdltants |5!‘L’ﬂ'ﬂ.‘-x"d staff

Hi#l : Livable Cities Investment Project for Balanced Development, Project Administration Manual (2021)

3-2 : Livable Cities Investment Project for Balanced Development SR
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34  HhTHEROUEF

TTC 1%, FEOEHICMNZ T, TCH OFPHEIC L Vo0 TEERDERE, #ligR, LEfk
R NERFE LT\ D,

35 ESRXTLICKS A ~OEMETE

FEY SHUFEROFRIREEN & LT, Mk AT MK D Y SHEAS DL DR
WNdHD, ¥Va—YTEEkEHET 5 Line 1 @ Samgori BR2x5. b EY S OHIRICALE
% Lilo ~OIEff & | EFERN SIS L b e S EERZEERIC T 7 ' AT 5 K 2 T
LEtETH D (FREMR) . 72720, ZosHEO BARIZmT 2B, v s 2
K& LT D,

HI#L : https://on.ge/story/29167-35bs-35@539-2019-Fewosb-8ofol-Bgws-9@Gmb-
899698 md:L-o30§yqdom & He 17 A 1ERK

B 3-3: #MEIRTALICES A FOEMBEE
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B4E TPz hEE

4.1 BERNMEROER O
411 PRATLEH
(1) A&

VAT ABEMEERT HEOICHENIC L > TEESNEZT 7o —F 1%, ] (Y—2R)
FEAR S, iR S, 0B EIND by I HE T T e —FIT SN T
W5, (REM—BHOBEMERFEL SN D &, BREREE T 2 M HERICE Y 4T o,
LEa— AR, KOZEDOHDFIA2 OEMSCE~OMAIAIZ P THOID,

BL., FrE SN2 TOEMEPARFAERREICEE L TWDRTIZARW o, Bt
WERIIR OFRFHEEFSIIE 32 Z LA TEx 5, ZThEaBE LT, AAICBhES 5244
DY Ty NBREE I N,

B, RPFEICEET 2 EF0Y 72 v MIE, RFEO—HE L TER S ikt i
B, XFIA o F =7 == ZAHIECEICEE L RWEA S EEN L5008 H D, EoT, &
ity NI, KRENS O INCEHET L2 ERC S HICT7 o2 U 7 (HIE) S,
ZOEMHEOY T 'y MI, AT AEAAAL (Systems Requirements Specifications (SRS))
ELTHEFF ST 5,

MBSy NEZT7 X D 7SN TWD0, & TOEMFIE, HEtEBcERH, kO
WML TEZH X511 Lb—ya AT —2 X=X RFENTND

SRS 1. HATD b EAICKHGNT 2 Rx OARFAAED H /1E ﬁif%#%ﬁ%?ét (A
HAaniz, Zo7atxid, EETLIETOEMEITHIE LTS &0V @D L-LOETE
PEZARME L. MBS CTREBNZ L B 2 — ROFHE T & 2 AEMGEERS & 12t 5,

(2 REHET—%

PRARFE L CHST 27200 EH R FUEEHE, TTC 23424t9 % [General Requirements
to Metro Cars] Th 5, HIZ, FAEMOHFZE, TTC, K UBHEZE DM Tt S iLi-&
. MOYTTC ~OFEHRERA~DISEN DG LNTZHEHwN O b EENEX Iz,

) PARTLEHMLE (SRS)

JREREE RN O OEMEZ L E2— LT, FFR T, WERGET, ERAEET, BLEMNT,
7 % h A[fE7: SMART (singular, measurable, achievable, realistic and testable) ZAt: % 1ERL L 7=,
fRMT 7ot 2D—BE LT, FELCIZT—EHOL T TV L BHENR VY TH N, AT
UEEMEEARID M TD L, FH, BE. KOFAEHEDEID Y THREHITR D,

BB ToNDATIVITROLEEY ThD,

R E B

O

o=
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o EHENME. WM. STPE (Reliability, Availability, Maintainability (RAMS))
e Man-Machine Interface (MMI)

o AUH—Tx—RA

o BREE

o IHERE

o IFEEANHYEFIE (ZDfih)

FOLTOENDBEITKRDO LY TH D,

o ID#

o FUTUR—H—

o F—J—

o IRAEE/Z YRR DO EIX

o REFRT—H R

o GFHHRT—A X

o AT — (FS XUFKFHBEFE OV i)

fERELTHEONDIE Y b, DFED ., flx DEENEID Y THL7Z SMART Z{FX
SRS Z{ERT 7= DICHE SN, SRSIZV L — a FATF—F_R—ATEHIN, B
¥ v M Microsoft Excel TG0 8 Y 2 & L TH A SN,

(4) BEFETREME

TENRRE S, JREREERO ORI NS &, JREROFEM S /e S, fMiftsh
Do BIZIX, FH, =, LW, HE, BIHEEETHL, KERLOERZIUGT L L, &
HaBIf Tt %,

BT L A V7 — 7 = — AHIESCETHEFA O HEMFZIZ L - TER S, Zivh
DOEHFA~OBEMHOEE LRI SRS LIRA SN, Tk v, FREMIT, FFEEE
BERREHEER NI A v F— T = — A LEONT NN L > TS Tnsd &
IMEEFD LN TE D,

412 AVE—Dz—RABHRUVIATFLHES

(1) HER

B IIEFED P SHU RS — AL AITHEA T A BERH L0, HrEm & o4
TOAVE—T =A% L CTERT L ENEETH D,

Bl ~DA 2 —T7 2= A% RE, KOFRTL2O0OMEROT 7o —Fix, 1~
2 —7x—A~< kU v 7 A (Interface Matrix (IM)) Z{Ef L. TN EHEHL A ¥ —7 =
— A SCE AR T D Z S IZE SN TN A,

42
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IM & A =T —2FIXEIZEL LS, APELZE LU CESHMICETIND [HEX
7ol XETHD, IM EA 0 F—7 2 —AHIECEL, FEHRELHET 2D THY, £
NEPETHATZVER L2 T20ERH D,

KRMENZT LD, IM & A v F—T = — AHIESCE L2 HE O AR ~DA S & LT
HEHTHLERD D,

IM & A 22— =2 — ZHIFHSCEOIER TEITS N —HOIFEIIRDO LBV Th D,

o &K KROZOMOEEEZHMB LT, A ¥ —T 2 —AERET D,

o IM ZHEfFT D,

o IM THlBlENnicA v Z—T 2 —ADFFIFIZ, A F— 7 = — AHIHISCE %
T 5,

o M LA UHF—T = —RHISCEDW T A2 HTH LT, AR IFFE S 2%
W EFET D,

2 AYR—T7x—ATILYYHR

IM OFIAICIL, HEE EMOY T AT K EZDONEA v F—T7 = — A CHrem 2 Eh{E
THREEN) EDOMDOETDOA X —T7 2c—ANEGEND, IMITIE, BHESCHRS, Hil
WERDA 2 — T = — A TEE N7,

X, A ORER & MR, K OSRS ICXEL SN E S EE H ST,

IM Z{ERT 2 &, FERA L F—Tx2—2% R LD RELE LZY L&) kEE
WEED, IMIE, A% —T7 2 —AOAPMEZREET 2, itk 1 ¥ —T7x—2
DOE & AN HEEITITON D,

Microsoft Excel Zfff L CIER S 72 IM 1E, 2 RoeD~ hY v 7 A TH 5D, Y] filil
B, NOFOMDI AT LEDA v Z—T =— A%k, [X] @A % —7 =—
ANCBET SR AR T D, TX) fCFUER SN DFEMIIRD L B Th 5,

e AT A
o YT UAT A
° 4:/&“‘71““;(@?5&%

o PRAEM
o T
o fii#&

IM OFET R VIZIX ID FENEID B THIATEY, IM X SRS EEBCEEL TV
720, BET 53513 SRS ~DH A SN TeL S N5,
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B) A vE—T7I—REHXE

BEM, oY 727 A KOS CHREmAEET 28REN) MoA ¥ —7 2—
2. MDA TF VAT AL H—T = — A RIS SNS, TOXEIIETN
HYATANEHEBIIRDOLEEBY TH D,

o HI LBEAFMERE (BRES. B hixb. @G, KO EBHERR)

o HIW L EES[ET)
o HL(FE
o HIfl] &aE{E

o HI & LM/ T Y
o Il & BEAFA AT
o Il & BREE

A UEBE—T 2 — R, A X —T = — A CE T EOMEEFEH LA A —T
T —ADNRNTRA—HEEERTDH, MASINDIA L H—T 2—ANRTGA—=HFIRDOEEBY T
»H5,

o WEREY/EERRAY

S
L4 FEL X\

o HEBENY
o EE Mk il N7 M /B 1 [ 2 (Electro Magnetic Compatibility (EMC) / Electromagnetic
Interference (EMI))

A H—T = — AGEHSCEICI, B, ROZFomo®%io vy =7 F BT
AT 5720 0RBHY A 47— bbb EEFNTWD, BRIZIX, A F 73— F
T, A v Z—7 = — ARFFORRIZE#ET L LLT O 3 DOEZIT/ i b,

NR—=h+1- £ H—T z=2—AZADiRkH
IR—=h2- AL H—T 2 —ADERH
IN—=hK3- f U H =T 2—ADT A MBEFEDMTOIL, AR O FIRE DS 2 TR

A B =T 2 — A SCEOBRED A= 9 Uit B LIRENR TV,

(4) EREHEFELOBER

IM & A > F =7 == ZHIECEIEDL O bRGEIHAEZMET 26O TH Y, &EHEMEL
HETHOLERD D,
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5) PRTLES

B OEADKRINL, AT htE~OfFELSnflf s neT 7o —F 23T 5
TuY =l MUKFET D, VAT AMEERHIL. TP =7 DT A TH A I NVEIRTE
HILBENRDHY | INKIRO X IITERSND,

o T

o AUH—T x—AEH
o AHYELR

e EMC K TNEMI

o HHT X b

o VAT AIEEHABR

o EMFORGIE

MOEE T2 Y =7 N ORBRICHESN T, BEHFEHE 2> OIS U725 =12, FrEmo
ARE N AT DA EBEHUNCETT L 2B T2HL2EI0 Y TH 2 & et
T 5, VAT LEOEEOEMEIL, TTICOREI 2 L4 FO®RPEANICED D Z &b,
TuYx 7 NOIEOMN LTZFEREICHIV L TLZ LB TE D,

VAT ARET T a—F, %@?5%@ LOGHHE Sz v AT MEAEEERIZ, VAT
LA VT T L—F =) (HEAE CEE L ) /ERL., ElRENERTE L L1
VAT LA RTETCTERT OLERD D,

MNLLTe YV AT AA T 7 b—F —F, BHEOEARERFNET T LRI, —HO AT
LERBREERTDILEN D DH, VAT AAERBRIL, SIEEL &2 ANORINT, #H
HEOFBERBRBI LIz Z L 2 HiET 20 ERH 5, Bt HEASEK L EH S
TTHHeHE., VAT A, BT VAT LAOEREEL TRRT 5 L5 ICHEERIBET 24
ERdH D,

VAT LAAERBRAEERICE T 52 &ld, FHEW A IS ERIC G EE L, ZITFANRD
728 DFERB LIRS ThH D MER B D,

413 Hff
(1) FEREmOBRR

FEY S HFEEDBR L 1966 4E T, BHERFO N Z MG D0, Hifii 30~48 FITE
T 5 I Y EHIRER O H ] [ ZAE Ay T8 2 RIS 0E L 72 23 HEVEEIT T\ b, [H Y O H T #k
B L, BUSHREREAK LN TR Y, EOETH O Tk ITIFFEEO #E 23 M b,
HiliEX b IBECTH D, RRKOHG A — D —F, BEA by I~y o TR T
HRYT OSFT, HlEFHEI B —HF L YT T 7,

£ 41 FEORE O BFE - W - AL, fEREm O - W - BEZRLIZHOT,
AEF 192 WOEGmAHE T TH D, &b EM EIL, 52 WD 5 5 44 [ EBRD D& 4
THEICEESIZ D2 ENRE-STEY, ZOHEMA—I—|IA VI vy aTh
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%o WITH VY 81-502 FEIE 2 B H O itdy TH A2 K4 2% & T, EavH Ly 81-717/714 &
(717 1 35E8 8, 714 (X RH) 13 1 EH O THEAIRLIZE_RT TH D,
WITNOEE G HAR TOZIXEFORMR OB E, BB 2 9 25 5T HpTHE
2OT, AP L 2B RN R ET D, 7 L—F b, BUEOR RTINS
DRHNZZ2 > TWARIAET L—F28H L TE L3, HuEH R84 Lz T iiies TEUC
EZTREAFIZEHETTWD, VWF A U A= IO FEEmICE L 52 12Xk D
KIERE TR NTX—NERTEDH L&, HAEME L THRSHIELZW,

R 4-1: EREWOERE - MY - BF

Al | mik | RE BEHL T E L
EM 52 | 45~48 | 2024~2027 | 9 5 44 [#jlZ EBRD &4 CTHrH =
&5 8 i A x5
81-502 27 43 2039 2028~2029 (ZHEfm T HFHmiH v

HEM TH % LD ARIEORE LT 5 = & %4l

81-717/714 113 | 30~36 | 2036~2042 | 2019~2029 O T & Tty T.23H
2021 £TIZ 27 M58 7. 2022~2026 I 38 i T &
A5 W AR ORHR LT 5 L 2 HERE

Gatimik | 192

High S

X 4-1~[¥ 4-4 |IAEREL 81-717/714 OISR HENDOBEE TH 5, ] 1520mm, 5
SRR D DEET, 158 - 2 5L bBUEIL 4 MR CTH D, BEEE ITINEH O FiH
gs A~ Rov () E7 L—%FpAr Bv (ED) BHIEEIC/2> TN, fHaseA
Ay TFHHELEBIZary =L LTELEDTHD, FENFIR VT V— T, BEEILDH
AMEBBANTE LT, ZHULIE Y EOM FEOME T, LITMEOE AT U THER
B ZHEE DTN Z & TR TH U, JeBHE O IE i B 03 < . i osisEic
FHEBE O H 2 BRI N TR, @EHEHT 2 B TIde < IEFEREOBEEH &
Ezob,

4-1 : TESRHM 4 MmN £ 4-2 . EREREMDELS
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i : FEA ;P
K 4-3: EXEFOERNO T — B 4-4: EXREROE@ER (BR4ZL)

X 4-5~[X] 4-8 |[IFEKHLM] 81-717/714 DB FMEBEOTHE ThH 5, A FMlmEH Jiz
HLEMAZI T 5720, FL bIXRIEEERONANICEE S, filXnas L blcaqn
FhAFEH SN TWD, BRI DRIER TR SR TE Y, A7 L —x il X
RO (L 92DA) TL—FThd, HinE LY — /TSRO T A LIEHR, ZOTF
2o 2 EHRHIHFILIAXOKRE b O TH D, BHEICEDY (12 EEEHE - BEEIEE XA
AROFEITEL TV DA, IRRER (BENS L—/LZil-> CTEBITICR S &) % Bl
LT HEHEEE L, TR EH LY U I REETH D, K FICIiTAREER DT
EHBAEA TN D,

st - PR st - PR
B 45: EXEROEHLELELEH 4-6 : TEEETD TS HSERER

4.7
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g FEAE g FEAE
47 ERETMOEEDH - BREKEL 4-8 : EREMOEENR (BRER)
EthEE

2 HEEMOBELEXERMEDOLER

B HAF AR OFR A BEHE T 5 L &b, FrEEmomits Bfb+52 L%
A& LT, £ 41 & 4-2 OFETREER LTz, BURICRE LR O ERNAE 28T IH R L
WHBAT 5,

Hil%ae

FEU T ERETeH Y HEOM TSI 2 B E <L EREMIE 1.2m/s/s (4.32km/h/s)
T, MERE EiX 1.38m/s/s (5.0km/h/s) FTCHHD LS THD, HATIE 0.97m/s/s (3.5km/h/s)
ZHZ DIMEEITERBIZEAERLS BEFVIIFRHEVICHEES W EEFHLTLED
IR TH D, ROTZAD L —F — b PENRMLERL VNS LS, 3B Y EOME
BoOX>ThHD, ZOXIREWINEENEILTE 501, Rk 04T o HL] 23 E B §
NG Th D,

—F5, BESNDIHEEG IS =2 v La R N2z 57252 MT b (BB & AR
) 272, BRTIEMT B L1 BELTL208 N THD, REY L4
A2 DT 2M2T &35 & ki (g - L— L RIOEEE) ORIR SINEEE T 1.0m/s/s
(3.6km/his) BIRATH D, —RAMEREER T DL DT Z DA, —ENNTEE O E b % 5
45km/h < HWETEFAUE (FESREL O — @A R 27km/h £C) | WimIZiE
BEDS LV BRI IR T, BRI ANME DN D Z & 13720,

NE U A E R ORE R, GOST HIKICHED b TS 1.2m/s/s (4.32km/h/s) 7320 EE
EWVOFERRICR D . WAL BMLAT &5 2 kit o7z, EEEN 1 W5 LTk A
=¥l a R RBAEEINT A, BT A EELH (BERE) REL WV DRSS
NI=DT, 2 A MIMEE SN B HNIT R EITHA Ly,
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FEBESRT L

IHDHIHER COHIFARES B L ZATHD, EIREM ITETEREEK A K
Ui (BS990 RWHEZFH) kv arhe—nd55XChHho, —H.
PE L AR E BRI ES VWVF A oA=L 2y he—13 5 5R T,
A = B ERE O TR Z R T 2 7o O fI AL X BB 2 2 2 8E L T\ 5, VVVF
AU NR—=FHIENC LV EIEERTE CEAET L —F 52 HH L TET RV F—2 K52 L NT
X51F, MHEEOT L —X O EIHEDORIET L —FNEAHT L5 L9 IC L TEAE
FOWM EEDIT, EREAETLV—FRNRG LK, BRTEER T L—FB3MET 5%

ANERED, 7 —FB/ISR 2R T CRIAETE2WENEFEESE, Ny T v 795
A7 L (EBRD &4 CilfiEd 2 frd di] & [FER) Z48E L T\ 5,

FHBERR R T L

TERE XS IR LA X — 2 ZBERE L TR, HIER S L TR 80V

DIFH, BB L L COHMAIH 110V 300Hz DH 25T Y . BIAERILE =ikt
72 a L DBHEIE A TEEMIZL D ANy 77 v 7 EINTWD, —F, FiEsEmiIL
Ebtmﬁﬁﬁaﬂéﬁ¢ﬁ4/ﬂ~&(mmF4Vﬂ—&>&L AR & e B AR
ELCOEME 80V ) EEMIZEI D Ny 7T v ) DIED, ZEXEMEOE ﬁkbfg
FAZZHE 220V50HZ D1 Z5%1T 5, M E U Ul WO R,. BEZH (BIRE) |
RNWZ LoD TA U NR—= A OFEIT/NESL, HEE - aRA LB ﬁﬂmﬁéo

HAEEL T

BRI AE SR H i (X S 72 o 7= ook L, FriEEmIE 7 VI IR T LR E L
BIEREWMET H Z E NIRRT ORSF 2 A MRS D72 235, RERiPH (& AT ae /e Hi)
A—=T—) BISF D7D, KRUEEHEROGE @G T L3208, AFLFHEIZ I XALE %
BEtT & Th D,

BRI N E CIHEFERORMA TH o722, BARL RO &R L OE @
BEOCKEXR) 2%, @E CHLEVRTNTEDL LT D, (BROAR—AEfHET
LI HEEREFETELST5)

REASE

BRABIRFIZ DN T, TESRB M TR GEEAIC L 2R AT > TWDDOHRT, WiEEIT—
BIRRIT TRy, 7R AIZ 2014 1T axm&mfw R ToloF 7 A b, BE
WIRFEIXER T TR, ZHUTIH Y EOM FEROWE T, ARFBEEDOERA I U TI ZRE
BEHEIEE T TRV, R E Y L W ORER, Ao EEm b KRG (MER) (1T
BTN e otz, BHE - a2 A NEBIZAEFNR D,

BE
BE LD, HEEE TRV AZ VAR EHRAT 5, FEE T L — 3 AT v
TT X AL EORE T L —F 2=y T D,
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& 4-2: FEY VMTREMETER

RE\WOAMORER | BEShLHEER
HoART —H LI 1520mm
RPN =207 DC750V (550~975V)
AR 40/1000
N T 200m  (HL FLHIN 60m)
SN 15t
RIS SR L AN
HL P RE
FR Mc-M-M-Mc Mc-M-T-Mc
ZeiE B (AW0) Mc:34t, M:33t Te:29t, M:31t, Mc:32t, T:30t
IWARREE | AWL: 5% Mc:40, M:44 Mc,Tc:40, M, T:44
(70kg/ \) AW2: AW 1+5/nd Mc:190, M:207 Mc,Tc:190, M, T:207
AW3:  AWI1+500kg/ | Mc:254, M:277 Mc,Tc:254, M, T:277
m
e 80km/h (% F:90km/h) 80km/h (% F1:90km/h)
2 B N TR 1.2m/s/s 1.2m/s/s
DRI HHEKRZ L—x | 1.2m/s/s 1.2m/s/s
(P FEI D) FET L —F 1.4m/s/s 1.4m/s/s
7L =X 2T A ET L—0H a4 7 L — % f

HE)ZEX 7 L—F

EBRIEGER T L —%

F Rl JAT » T —RpIE = TN RV
) o [ B DC8OV DC80V
PlEStit e o e A B b O O R | A e A e b T oD g fE
i ¥ 2 22 HL OO R AR R S | B K A 22 HL O A A R 28
MLEFONDZ & WL EFohnsz b
15 5k ATP £} % v 7o 7)1 ATP ff % v 7o 7))L
BRIy
LM (55 =85k T dkfih) U U AR TR B H T AR M
TV T=7= AT hE
FE] B A RBUHIE VVVF A 23— % 1]
B 471 ) £ (3 : IGBT)
55 8 LGl E TEEE 2 5 FEHE
TR [ERDEREEE L —FHAZ Vi FE B
EFER T L—F RET L—=F AT L —F

(7 b — = i)

HBO A1 B A AR
HBh RIS bAoA vN—H FRIEIEA v N—H
(B2 7) (CVCF A »/3—4)
(FET AU RH) (3 : IGBT)
B AR ) DC80V DC80V
HitH AC110V 300Hz —FH AC220V 50Hz
HREE & ~HE
ME e £ TNAIERITIAT LA

A EER D (RS AT RE R A
— =) BT LD
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Y A i
)

SCHH BRI HEEEO 2 L WEHE T & 0
Bmig R7e L Sl & P& EiEE
Hr P D) (s Em )
HAR 18840mm 18710mm
R i [ B A 19210mm 19210mm
5 H O i R 12600mm 12600mm
HLRIE 2670mm 2670mm
#HE (L—L EEnD) 3700mm 3700mm
& H XA
GBS ERBARA AT e -8 BH PA T RE
1AI5E JrA - R WpEE - 4 o Py WP E - 4 o Py
bR PHALE Ze5 ERAFE - IFERA
e s R, FER HiE R, R
JEJE nyJy—h =
iG] HOCAT LED
wxmEE | BE 7L 2L
B B ) 38 iR il 3
Gz 7L 2L
NYT 7Y =% B AS— A B A— A

B— b L DB FERD

HE
B IR S AT A T FT T == ] 0 ME R Fa 4 T s =8 ] 0 S
B EfE RGBS 2T A 7L TIMS ¥ AT 2 LCD #7~
FEBEHR S AT A G Sl e AP UIET % SRR R R E A
WGk AT I H Bk & s Py H Bk & s A
HNFERY AT A K e I
HA RS AT A JeSHIE JCEEIE ) & R
AR AT VAT I BRI FERI L S E T
= D ORET
AITKT wEK (HA) LED (%)
AT BEK (RfA) LED (Hf1)
EEEER 1 [=DZ S N5 27V a—K FiX

(DC750V) A7 a— L,

(=F3 AC220V 50Hz)

L
B R A KA RNV AH L AR
i34 a4 i aA i Foik A
F < b aA i Ze5ud i
TE R 2100mm 2100mm
e 780mm, 725mm(f/)N) 780mm, 725mm(f%/)N)
BT L—x BEH 7 L —% (HiX) B L —F 2=y b

AT TV x ALALF

TL—%T U BB E

4

4

AT RN R

AT K BB
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Te DAk By LA T BT E 72
7o OBk F
LG SEEA AR A A AL AR
2B 2SR
(Sharfenberg #\) (Sharfenberg =)
P FoK AGHE R A HeK A GH R A

M A

(3) FEHEMOEH

EFEE S AT AORFRHFEETONBIZA DB TH S, VWVF A X=X TR
B A BN T2 2 AT AR P OB AL TS L L bic, BEPORET L —
FIZED BB LB ZBEULL, RIERET XL —RNEBTE 5, kg -
FEBEORTNENBDT 20T, RIERATFEIMELEBRTE D, 70, HIK - 5

DB, BN X—ORE—J@EmDDH T LIT27en 5,

o, MBI S 2T AORE G . MBS ORISR Y | RE Y — B A
FCHROTT 223 TE S, T LUTHIRERER S 2T LOBANTLY | HEOHRE

DML B b L L bz, RTFOMF(LEHD Z LN TE D,
BJ 4-9~[ 4-11 1%, HriEHEm CEAT L EREEBOTETH D,

B 4-9: HItNEE (VWWWF A 2/3—4)

s LB Y u s

4-11 : AMEREE (BLLiqM2/1—4%)

B 4-10 : XEH (FEEEH)




Ta—UTE - RV T EREmERE S E A

(4) HEWERAICLISEIRLF—HR

eV CHIN RO E L AE SN O HIERE A HARICKIT A EMICE XL THhD
b 4-12 £ [X 4-13 12" T IR A AROEMAREN R DL WZ 5, 103 RITESITH
B AESRHE & RER, 200 RIS BRI 30 FEFTICEG LIEEHE TIEH D H DD,
VVVF A 2 =2 G OREARI TSRO HE & ZED Y 7| kx4 &L L THETH 5,

Hi - F A Hi - F A

K 4-12: FEY SEFREMIC B 4-13: #EEm (HEXR) I
HYJT5E 103 % HYTSHIREAAXR 209 %

7 4-3 1%, 103 R L 209 ROFMMBEREZHK LD THDH, £ LT, iEEILHEE E
TToWEOHEBENFERIT —F &b LIC, IR HAANBR LSS NEEEEOLE T T
NE—] LT ML EREZLTRY, BBEVERIREN TN D, £ 44 132 0OH
EHRFELIZHOT, BZICHITIUE, T O IT (V&2 H) HEEBENDENDK 3 FIE,
ZIUCH T L RIEE N EOES (B45R) 235 3 BT, REMHEENENERTS L0 )
WERICR > TV, 72 1R OFIHED 1km 2 ETT 5720 OMEE I EORME S RIH
TWAHDT, BHaANEENTLZELAETH D,

% 4-3:103 % & 209 D EfiTH

HL A 103 % 209 &
Rk (MT k) 10 cars 10 cars
(M : BB, T : {ThEHE) 6M4T 4AM6T
HE (4EH) 363.1t 249.0t
(100%) (69%)
HAME e ] AT LA
il 7 =X R A VVVE A o /3— % il i)
(EEFIHIH, 556 (7 : GTO)
FHREHIBEOFH) FEEE 4 5 —FEHIHE
TR B [ERER U — ARV AR Eh
ERT L—F FKETL—F mlAgE7 L —%

Hig G
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] 4-4:103%&E 209 RDIRILX—HBELE

L 103 % 209 5%
JATHEE ) & 18.12 kWh/km 12.97 kWh/km
(100%) (71%)
A4 ) & 7L 4.38 kWh/km
[EIEES 2L 33.8%
REHEENE 18.12 kWh/km 8.59 kWh/km
(100%) (47%)

Hh - FBRFEEE Vol 123, No.7, 2003 i@ E)E H DA — L F—

ZD 103 % & 209 RADOFEHT —X % FEU T

FEFAERR & |

BEEWZ THDHZEIZTH, REBAD
Fe U HIFERL - 2 SRR A B L. BUEICRET 5 & b DA,

ERIERETRRE, ETIEIUCOWTE L HDMNRE 45 ThbH, LT, 103 & hE U ¥

(ERH, 209 %A PEU SR mIcEEH: CTHEE L-HEELE 4-6 1ITRT,
£ 45: FEY ST E DETEEHLE
AT HHR JR BHA sz MeUTHITEL -2 5
T DATIE=S 10 cars 4 cars
S E5 SR P i e 1.77 km 1.30 km
TP Hh AR 4y R 28 KRSy
HL : FEA

& 46: FEYUHTHIFIBEROBEIRILF—HERHER

HE TECHIM (81-717/714) FEIE S 5 B il B
TIATHERE & 10.36 kWh/km 7.42 kWh/km
x (4/10) x (1.77/1.3) x 1.05 (100%) (72%)
EEIIE L 2.27 kWh/km
x (4/10) x (1.77/1.3) x 0.95
IS 7L 30.6 %
RAEHEBRENE 10.36 kWh/km 5.15 kWh/km
(100%) (50%)
H A
B5) F&EH
LJLOE @ b U UHIFERICEB W T 209 RARY oG L A A TR, SR H ] &

VT D & D

1. VVVF 4’//\—57 DNEHHTLEINTNDLDT,

B L CTHET L2 ZERAETH S,

4-14

mAN AT T Bz, K 30 4T 209 &

Py gh

Z ORISR E R o Tnb &
EZHID, 1 REOFNEN 1km &2 ETT DO DHEEB N EOBENS .

BHAA &
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F72, VWVF A 3 — ZffHICHERIEREROE ALY, K 3 » HEICHEmT DA,
KON 3 I EMT AmE (F——Fh—) I[CTKRIEREIMENFEBRTE 5, hEN
KEWEARYZERIZLLTO®Y ThH 5,

o VVVF A U X—X%  FH S OISR DA o N—F(ZEH L FANNRE
o IMEENE: 7T - B EEL LA - S - HIIEEEN TR
o IEWIEE(R - HRBE/EEN DS TARE, F——k—/L TS EHE

5.2 RAEEDOMBAH CI1I. KIERES = A MG RITIN % TRFE b b EIZE L.
ARFIIC LY 2029 4FE £ TICHEAEEZIT > 258, (ERBEOEMUBIEZITVHTHE & DOFE X
iz Rill 2 2039 4E £ TE LW 728HA &R LT, BHIRRE S0 BB ER] & OfE S
WZESTND, T A NOEBMEORR LT, ZORRDEMIICHERREZ T2 212
DIRIMVDH DT, VVVF A 23— Z G K 2 Frd B 2 I8 AT 5 2 L 2ET 5,

414 BHEK

(1) EIFERBEORSR

FEY UHITFERICR T DB AT AOBEFRE ORDUS SV TR~ 5, £7, BV
AT D LT ORITRT,

F 47: FEYHMTHDOEEIRATLBE

Nominal Auvailable
Type Feeder Contact Type
Voltage[V] Range[V]
DC 825 550 - 975 Third Rail Bottom
i A

MEY M NERIIBAER ., M OIE A E A, XEAEITILE O ERR SN TE T,
BHZE M M BEF B AR S U7 B AT IEARRAEDS 50 4ELL RS L TV A 25, BRI R A B Tikes
DOFEFNLFE ST, ORISR OTEHN R INTE T, 2072, 1964 4 HR O
Zx & 2015 FEHER OB NIRTET DIRE L 2> TV D, WL D0 Oigsi Il s 1k ST
WD EDTHDLN, T DEMRIZRRGGHE E TIXEMTE R0 o7,

eV UHEFERIIZEEBHTO X A THREEH Y | EEEH O Traction Substation”, HRE
A {5 85 F 7Secondary Substation”, %4 5[] 7 & 5 0" Mixed Substation”?® 3 FliFH & 5.,
AHAEIZHEMIBRL DO THDL Z LD, EEIZEH 5 Traction Substation” & "Mixed
Substation” ®— & & AT OREEAZ DL T ORI RS, BEFHEOERIX, ZEFHARE
RN D EHEE L, BB IXIZI51T 5 Rail | OBREEEEED & FH L7z,

4-15
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= 4-8: EEBRIDIATE—E

Line 1 Line 2
Substation Type Distance[m] Substation Type | Distance[m]
Akhmeteli Theatre | Mixed Station Square 2 Mixed
1296.5 1334.0
Sarajishvili Mixed Tsereteli Mixed
1045.9 1244.9
Guramishvili Mixed Technical University | Mixed
1464.1 1435.0
Grmagele Mixed Medical University Mixed
2721.1 1570.8
Gotsiridze Mixed Delisi Mixed
4380.6 2185.7
Marjanishvili Traction State University Mixed
3703.3
Avlabari Traction
- 3278.9
Samgori Traction
1696.5
Verketili Mixed

P BRG] (R E Y SRR | FEER

4-16
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BUEBRB T Th 5 LI DS O T2 LT ORI, £72, SMIFZROMITR

R
&« 4-9 : Samgori Traction Substation M E L HIE/DFETT
NemIie] NemIiE] Count Production
Name Purpose, Type Model Power[kVA], Voltage Manufac%lrer Year
Current[A] [kV]
Dry Motor Drives of . .
Transformer Switch Point TC-40/0.5A 40 [kVA] 0.38/0.22 Soviet Union, Moscow 1964
Soviet Union,
Transformer Traction TMHITB- oo kvA] 12/6 | URALELEKTROTYAZH | 1969
(Qil) 5000/10
MASH
Silicium Diode | g yifier VBKM-2 3200[A] 0.825 Soviet Union 1969
Rectifier
Current Relay of
Grounding Tyre Current relay PT-40/20 - - Soviet Union 1969
Protection
Substation
Control Control Relay . .
And Alarm Circuits - - 0.22/0.11 Soviet Union 1969
System Box
Transformer Substation TC3-160/10- Soviet Union,
(Dry) Operation 65YXJ14 160[kVA] 6/0.4 Baku Transformer Plant 1987
High Speed BAB-42- . .
Circuit Breaker Feeder 6000/10 4000 [A] 1.05 Soviet Union 1989
Accumulator L Bulgaria,
Battery Control Circuit 4MVR300 - - MONBAT 2011
Vacuum Circuit China,
Breaker Power Inlets | VS1(ZN63A) 1000[A] 12 CHENNUO ELECTRIC 2015
HE

g

kARl

4-14 : Samgori Traction Substation D4+
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4-15 : BFENE (VER)

High SR
4-16 : 12 [kV] ZFiERaE (FER)
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(2 H#H
BASEFTIC BT DA R A2 L FORITTRT,
F 410 BEEFOERBREE

. Operational Rectifier Spare Rectifier
Substation ) )
N Type No Capacity [kW] or [A] Capacity [kW] or [A]
No.1 No.2 No.3 No.4 No.1 No.2
. . 1320kW | 1320kW | 1320kW | 1320kW | 1320kW 1320kW
Gotsiridze Mixed 1
(1600A) | (1600A) | (1600A) | (1600A) | (1600A) (1600A)
o . 1320kW | 1320kW | 1320kW
Marjanishvili Traction | 2
(1600A) | (1600A) | (1600A)
. . 2640kW | 2640kW 2640kW
Avlabari Traction | 3
(3200A) | (3200A) (3200A)
. . 2640kW | 2640kW 2640kW
Samgori Traction | 4
(3200A) | (3200A) (3200A)
. . 1320kw 1320kw
Station Square 2 | Mixed 5
(1600A) (1600A)
. . 1320kW 1320kW
Tsereteli Mixed 6
(1600A) (1600A)
Technical . 1320kW 1320kW
i R Mixed 7
University (1600A) (1600A)
Medical . 1320kW 1320kW
i . Mixed 8
University (1600A) (1600A)
. . 1320kW | 1320kwW 1320kw
Delisi Mixed 9
(1600A) | (1600A) (1600A)
. 1320kW | 1320kW 1320kwW
Grmagele Mixed | 10
(1600A) | (1600A) (1600A)
L . 1320kW | 1320kW 1320kW
Guramishvili Mixed | 11
(1600A) | (1600A) (1600A)
- . 1320kW | 1320kW
Sarajishvili Mixed | 12
(1600A) | (1600A)
Akhmeteli . 1320kW | 1320kwW 1320kw
Mixed | 13
heatre (1600A) | (1600A) (1600A)
. . 1320kW | 1320kW 1320kwW
Verketili Mixed | 14
(1600A) | (1600A) (1600A)
. . 2000kW | 2000kW | 2000kW
State University | Mixed | 15
(2424A) | (2424A) | (2424A)

B - R

FRORIRTEENREIZL > THEHFEGENEITLTCWDTD, BUTH A YD EET
bz, ﬁﬂ$ﬁ®wﬁﬁﬁ%m%%f$ﬁm%h&ﬁ“u?;uﬁbfwni &l %
FRITHEE SN2V, BRI, BEFHEIL1,884[kW] Th 5 DIZXF LT, FiB i IC
T AHAEIL 2,140[KW]TH D . £ 113 5L 725, KiERARE TIIR20nn, ﬁ@iﬁ%ﬂ
REIZI W%%ﬁ$#+ YCH LR A ET S, 7o, JE4TD EBRD loan |2 & 2 Bl
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TuY =7 hTIE, FIEORKANERZ 3200A (825[V]ZIEHEEIE LTS5 L. 2,640[kW]
LAFE) LERLTND,

Wiz, EEEBRREICOWTIRR D, ZEEFRIEL, FLEFD) OIRRI K O S5 #& S5
VZ B A o TR 2 0 U CEE 825V A X E SV TN D, B i sk P R T 23 2 s
FHCMEBIR AR T D2BEEZH LTV AN, 1T A EOEBFITINTE OLREMER %
AL THE 5, Line2e ? State University Substation (737 30 & VRGBSR 2 H 1 5,
TERSEEEIZ. Line 1 ™45 Substation 1% 5000[A]. Line2 kb\f&iState University Substation

3000[A]U571~i4000[A]Ef£o'(l/\}:> L2rL, ZThbix E@(thﬁégg@ﬁ&%géﬂéf:

G EIMIRE I OWTIRIEAES VI L e D, £72. VVWF BERETL TS
i*&ﬁﬁﬂﬁﬂﬁ@%/ﬁ}kttﬁﬁbf EEATCOBRFN 2B EREIIREL 25720, ﬁ{)m
e B IR 3R DENMEIZ SOV THERN L E TH 5,

WIT, B AT LITBITHEEEBICONWTIRARS, & 3 MEHFRERALTWAH T
O, FIE~OZTEITHRBEIDWICEFE SN — R —Lr X vitbihsd, — RL—Zid,
SR 1T LR b D D E VBN A SRR EM L — LA HV ST WS, —FL—
VO Z DL ORI R T,

T, [, bt g, g,

807 LY o -

drged

Hh : FEAR
B 4-17 : Y—FL—ILOHEER

ROV — L —id, TaEEFRIICE RoTNDH2®, %ﬁﬁjﬁﬁ%ﬂﬁ’?ﬁ%
BHREZBEATHILERD S, — N — iz affifziEE (Ty Kervay)
TEATHTRE CRE AT K O T ORIERZ K53 5 72 OIC5R T B, %@EéiMmuLkﬁ
S TWND, EEOY— FL— /L R OMEREE O, £EBOMEX, ¥— KL —1ofk
il R A Je 4 LU ORI R,
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Hih -
H 4-18 : H— KL— L L BB EBEDORBIRR

%ﬂEb
m
=

<] <)
1 2 ‘S 3 IE
300
bt -
g = \ <
Tool[ool @ ——
1:25 0
Fgemlsols ] d50) 8 3
03300 ©mbg 1:12,5
1620 1125 _[375
3120

i ;A
B 4-20 : RIGER/SAIRER EEHMEE
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3} mEHEITL—F

B B A AT L — R IR EGERF ICRIAEE A A s, EEEEA N L CE
N AT A &éméo_@@iﬁﬁ%ﬁmﬁﬁfé & T, Ft)/%?%é%kbf
TRAF—EREORR, R E L THERBRERERK LN,

EARBNCHA LBAE L, F—EEXHETHOITTORERGMICTHEE IR, F—Z
BXENZ TR O HE@ DN ENGEF3ITHE SN WSEEITIE, BIAEENFRAT RLF
— & LTCHESNDZ LD, %t)/%T%i 3~6 SRR OEATHIME, 0.9km~1.9km
DOERMIERE L W O b s, ST 548, S RIEBHAZEARHTHE, LINET 5
FIEH R < AFAE L, FAET 204 E IR CRbis S v 2hiE H S 415 AlBetEs @y,
LU, [BIAEEDORAER NEHORE T, Fl 2 TR AR H —7 & W o 2Bk
WhEAEnAM, [1 EEXM=18M) 2TV aXMbLH DI &b FIHEM CRliE
S, FlE oW LRV AER LS D, 2T, T2 TIREIAEENE LY
BHMIEH TE B HikER~%,

T/l R 1L 24,7

AR D@ Y | BIAET L —IZ Ko TREABNNE C2GEIEE — B X TIEY 5
Bl THEIND ZENEE LY, Ll IEJ*%E'E[:F“TC i—I— PIRERREEDNE < | HDJET
LB TIIHE SNRWGEDOM RO —>& LT, EO#RET VB EKERCHPAR
CTHEHRe L. RIAEENN B EEXEZRT L LT EEETANET 60D, —ﬁf\
FHPRE LG EE - KRAOL TR, R SNIEWKRAN e 2T 5, A
VAT LOBEN & LU ISRT,

HFEDRT ETFsH—fmEWA=

FUBRBXELRHETHATIRESE LUESTLELELERTHICAATES

OAFXEL

T % T =

t ]

| S L (o Gy
B Sl T 3 ? it e .

i 14 Lo 5*—"

WHaninERE ’ Ehad TEREALO
EERTREMICEA BhHEHEHE

L = 3

i i ;

' WE T o G e

Hi#t : KEIHAN Corporate Social Responsibility Report 2013

B 4-21: ETFH—FEEEAK

T & 5 (B4

AN T SR W EAEE ) 2 — R L, fAE2 AT 2 9 S BRI S 1L
TeENZHEE L, EABNORFMZETOIERN R L 2D,
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ZoHNIT, BIEBBNEELDIERHD L OO, BIEEZHET DHIENILHICY
RNE D RGITNICEASNS Z & T, MABNIOEMEABRK OGNS, DFED, XEXH
DL Fl—E BRI ITT DHER N R2NGEEIC, EORERINLD Z ET?RIZ\/I/
XF—L LTOMHEZLE, MAETOEHEZXD Z ENRHKD, Fio, EEITHEIC
XEEBEBPRBE LY Vi\Ny?U*%%ﬁf%&E%’Eﬁ?éﬂi%ﬁ%@ﬁi
TBBHEEOLNDAY v hbd D, —FH T, Ny T UV —OFRBEDOBICHEET Dk~ 728
WELRL 5y 2 3 A TE B 2 A X3, BB R ATC ORSREICHE A RIX S RWVERT 5
VN5, K ATF AOBERKZ L FICRT,

k. BAFEOEEEMME L LT, IEC 62924 “Railway applications - Fixed installations -
Stationary energy storage system for DC traction systems”  [&#k18 53 % — M b3 — i < B
AT DR 2 M BT AT A BSHIE STV D

/ pmERm

(Zm)| ®reesm |(BE
A = | :

—* g ¢

DERIRED; ¥ ‘

WEET3))

|
e S L 00 | e
Hodch Pl

L JR AR LAY U —2 (2012.05.08)

4-22 : Ny T)—C&BEEEBHEESR

AR K D BB EREE & L CoiEH

[ AEBINIINES 2 Hl CTHE SRR B AT 3L ¥ — & L CHE SR D8,
%@io@ﬁﬁk@ofbiOizw%~%%ﬁ&bfﬁm mTsboThb, b
U UHEFEBROBRIIZ K B NERTH Y | B Z ORI 50 70 & O BRER i 73 Pk
L TWDZENG, AONERANHIREEIND, — 5T, AC BHOBIZRET Dk~ 72 JE
BBy % B A TE TR /A A3, BERIEESC ATC OFSRBIZR B A T S W )RR T 5
DAL YIRY SR

AFEEIL, PEU UHIFERE RO T FTEETH A A A b8V THEAIN
TWb, KUAT LOWMER Z LL FIZRT,
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Rh&it| Bl AR R
- r. = -‘atn MRSV - @ERAORN
EEREN R JL—% 4“
Jmmm
AR a0 BEERR ‘_

‘-0-0-0-01

® | |
% w2 W‘**”‘ | -....1; IXN J
RARE 2 %mm | =m V7E%k )

B : A e L2 J—=2 (2012.08.07)

B 4-23 : REMEIEREE

JEFEHTIE Y U EBE O F

1 SOXEXBPRNGS, BIABNDNEAEL THMET 2 IR WRN ENES
N5, BAEND G HRERET HEHA. xﬁéfﬁ@lﬁ{/mfvﬁi&jl\bf BEEzEIRR (o &
BEXHE S LT LETORM) I[CXD ZENRARELRD, £DDITiE, BEFTOEFHN
EEzsD 2 WEEZ FF5Z LI2X0, W%Fﬁﬁ‘E@%@u”jbaar%Tf EIEES=EwaNA
EEFOBELZFVBZRTSTHIENNELRD,

EOVHLEBEEEZTTL2ZEICLoT, FAEEBEBIOANERIZIK O D03, WHEFEOEE
BEMETLTLE Y72, +oRENIDPHARTE RN =20, FHERPIEE LD /)N
§<f(ﬁ’)’CLﬂib"j“rﬁfﬁ@ﬁ%ﬁéﬁgﬁf$ﬁﬁﬁ>*ﬁﬂjf%fcﬁ< RHr—AENEESND, £
DIz, EERICEEFTOEY M UEEZTET 2BRIIE R FaiRE s L 72 5,

4 F&&H

WA e ﬁAm’E%ﬁ@éMTmé%@@éwm’%%MﬁLm@mé L,
AT HL W] iofﬁ@ﬁ<@ﬁéﬂfwé®f%ﬂi BEfFH M OBRMERE 2 sl L7z k
T, QTR mEBE L CHmRG & FEE X, B! %&@&%i%gfi@
WeEEbns,

P B L, BIAEENIC X DIHEEEN 30%HIKE & O, EinRX 2R TOEHE
BEZ2K S0%HIIRT 5 Z LIk D(F 4-6 ), D7D, Bl EE OPEREZ o I
FTHEZOIE, EABHZONCIEAT PN EEL 2D,

415 {ES -EIE

(1) BEFEREORER

kY S H T ERDAE Bl(E v AT A DBEAERRAE OARBLUZOW TR R B,
F9°. Red Line (Akhmeteli - Varketili Line, 19.6km, 16 i) & Green Line (Saburtalo Line,
7.8km, 7 BR) OB{KOF|BEIEITEEIZILIC, Kx OFRIES T CTC EFHIE SN TR,

424



Va—U7HE- MU TSR RRE G E R A

TSRS TIIHNBEAEROLECHIEF R D U 7V 2 A LWFKIR, FEA AT DF = F FEDHER
TE D,

Z v v aREEIENICIE, & 3 R CTONEREAFEH SN TEY ., FRERIZI DS
HOE/TE R LV ) ST, IERYERED STV b,

B 4-24 : hRIFETOHEETEE (Red Line Dispatcher’s Office)

Bagpatady aodtumbdols gty e o
O e e
- L2 “ :1PZ - - « - =
! - 35 i x“
1&?‘533\%%«%\\&\ B P AR PN PLEIERCEDCAL)
. ) . . I , RN nn " b n A LI "4F
o )\’\ AP *,i" BO00: 00 000 0. 0. 000070
PR '\/ \,’ 4 / AR \v'-\\/YI i eVas?, VATV AT ‘y;\-«'\/\/'
== S G OEDEIE A O N
“ﬂeww%wb >(v@yww&.&%£>v¢%
e 4 T :
‘::ME‘ o \'\ v T ; 7 .‘ & 3 .Aa ‘]lil’)‘\)‘ 1’ J‘ =1
s .\ l\}\!‘\h}l)'AY <5 3 _-v:rr} A r'r\.A\n’\m\
T T T £ : AUQ-M} 'n( "/_
[ T W RERE DAL XA AR FARDE_SOWE
rasmane » waDa KONES Jwamr Demod
Hih - TTC

4-25: Sy aBEEEDOS 1 (18:00)

WIZ, RERZ ML - BIERIEICOWTIE, UTFD LB Th D,
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B

TCIHY B MEREIC L D EEEEE CTH Y . —HORCIIBEICRA 50 L0 E &
o TWNWh, A—I—BEEIIREICHIEL o TWAZ LD, THMOIEN KX RIRR
HIETH D,

F 411 EEREDOXLFET

Line Location of Number of Interlocking Year of
Interlocking Points Type commissioning
Red Akhmeteli Theatre 2 Relay-based 1989
Red Guramishvili 4 Relay-based 1985
Red Didube 3 Relay-based 1966
Red Gotsiridze 10 Relay-based 1966
Red Station Square 1 6 Relay-based 1966
Red 300 Aragveli 6 Relay-based 1967
Red Samgori 2 Relay-based 1971
Red Varketili 2 Relay-based 1985
Green Station Square 2 2 Relay-based 1979
Green | Delisi 6 Relay-based 1979
Green State University 2 Relay-based 2017

B AR

I§
High - G
4-26 : (S5 H#38=E (Station Square 1)
i C bk
BRANMEHINL TS,
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VAR5

L — Uiz X AR E R X TH Y . I FXE Tk 50Hz, # EXH - TR T
25Hz DJEFEHE W TW 5,

B R

HNE ST LD ATC HEHRIECTHY . L—r & LT 75, 125, 175, 225, 275Hz
DIEFEREEETDH LT, FHFh 80, 70, 60, 40, 0 kn/h OHIPREHE 4 # ElR S

IZHRLTWD,

4-27 : b E R OB ERRR

BEmEiE
2006 AELLFE . WARKISFRICITEr — T AN S, PRES & AR - SR T IP
network 23MEE « ITH I TV 5,

PAERS

Green Line 2[X[f] & Red Line ®—EX [ TlX TETRA EHED T A7 LANVEAIN TS
73, Red Line ®F DX Clde o 7RO W HEER CEH SN TW5,

i EID

BIHEITICET AR E LT, BEA—LA~D RN RV AY O ESICIET X2 A%
MREINTWDN, ZORTFANFITBAERA, RSB F TORRH, FeAT8H 5%
DOFRBRFENZ IR E STV D,

427
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I6:58: M00330 107

i SR
B 4-28 : IREEN/ARIL
2) HEaH

B BT R ENC B W THE S LD E Sl ~DREEICHON T, ITFOBRTERE~NS,

B - RS OHERTE

HiRE (EEEAM) OmIARESELARTUE, RBLAEET2Enws U2
T2V T, G - ERELAURTILET RV E~RDbh S,

ENTEN oY ¥4

AT, M BB S D AT I e oy OIREVE N b S b 2 ticky, Ra v
NRBARBERS IR D 7= R4 H@EﬁLmM% 5, BT, BEICRE(E SN D EA T
BUERIEOEE AR GIEBRMAR) NECDLZEDOY AT RNEZLNDH, AHETIE 10%
AR O HE MR B L 2 E L THDDO T, T DICRLT B LE T A0,

HHh ] oD e

A TIERA — =2 K OH BRI E W L FE 2 EEL TWAH DT, BE
1FOEE FIEAE K 2 BT 2 %E X720,

SIHEIT IR DA H

A CIEFN HHEE O ) EOEERR R OB, KO ERRE (4 W) OZFEIFEE L T
WD T, AZL KRR FIRRME LT T 5 L D 125 B akf O KIE 22 c B I3/ 2
W, FETo, REENEEM - NEICOWTHBET 24T e, (REICIE, Bl oM
WEPERENZEHIZ /25 & “WRIVERFE E TOREM” ZENCED LS00 LILR WS, Sl
TOHREARENRFHTIIRNEE X D)

A 23— F I K B IRk ER O 21k

BEHMNOY— KL — L& L CH| #tfuéﬂéﬁ”i A N—5 - EBEE L
ZLTCL— VERB LIIGRERE L THOERENCR S, —F, SHEREGRENICH VD
DA =L, O L, %ﬁ&ﬂ&ﬁﬁ %ahﬁmﬁﬁ/4x%%$éﬁ
BHo ZIZT, IHRERIZED ) A ABREEND &, HuERIEKESC ATC 8 H| 8 2 fR @) E <&
5 A REMEII A E T AV, I, HUBERIEE IR & 72 88 ESS ATC M EEHIEI2Y BN
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WP 2 BUR DRRENE & 72 > 7o 813, FIRERICEN BN OHLERRY A7 L

L7280

. EEARREE - KR REBROFERNNLETH D,

A N = IR LTz /A X ORISR

RFERZREIE LT, HEEERIEA~D LC 7 4 VEFHEAND D, ZDLC 7 4 LED
TEBUT., A BT o JE I E OGO BRI G A, A = Z il D%
EMEEEBE L TREIND,

Z Ofth, BT A E R O BT S AR xR Th D,

YU —FL—0

b FAER

B 4-29 : £ YIN—BHIEHED / 4 X{EF xS b

HUjil] & B HRR A S A T L O il N D FERE

IR RIS @A DB AET DA D = XA LNTE T EEITITA L N> TE LT,
ZOEMRH) - FEROREZELZFINHEET L2 2 LE3RNETH L, T0D, 1~
/N — B I L 2 B RN D BRI, TR & o e R RS CRUE RS ETT & 45
FEME - MR A2 NI LT 2 O0N— B TH Y . F7-5HE - IO
Bty <, BEITR O T — Z RSO BN R AE L2 56 Ot LT LS 2 T 5
ZENME LD,

IEC62427 (EN50238) “Compatibility between rolling stock and train detection systems”
T, BERXKICB T 2R ESHEEMOEH N, YR KBl S 7251 B A
VAT LEPELRVRGEEHRET S T e AR HEL TS, WiEEROG
W, FIERE S AT LOBSEMEOFHILE, EREEROHE, RIEFIE
)
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[

L0 Feader

‘ (@IS ST @)
i station
i

Interference may be causad by ‘

— rail currants,

<

Electromagnetic field Rail current
- electromagnaetic fields, transfer functions transfer functions

differential voltage between axles, i i\

'\"|’.‘CC|
detector

Track circuit Others

Hidh : IEC62427

B 4-30 : EHEZTORLER

B FeEH

BEEEY AT & - &L, PRES TOEMMER 2 IR TV D S O OBEENEEE S
BB IX 2RI B LN EA TS, L L, BUTHEEIC L » CHEEGETSNA TN D
DTHIUE, A A= FHIFED ) A DRI OV THREE » 56 - Rz FEh+hix, 3
FIE VAT I - B ICREB O SUEI I E TII RV & bl b,

7E, FROMEGEFERE (AEhER(b, FIFHE N b, ERREFE A, PR AR
EHERE) BV, BB L L FES b AE L TV 2 BEfFOEB)EEE & ATC 24E
ERIBICET D2 L i3mO CTHEETH Y | FEEREREEEEZ VAT AL LTHIHETTS
PREEYa UbBRETT 22 ENEE LY,

15 B LR ERRD T 2T 2 E&RMF+2512H7-0 . CBTC (Communications Based Train
Control) D& AZHENES 5, CBTC X, PREHEREICIN X, H BN EEIRLE E O TE B o
AT WA LIz A7 L LT IEEE1474.1 TR L SN TR Y . BEAFHEHIEIC L 5
i EREERIE T A 7 A 703 2 MRS T X 510, SRR FIHIET~0OFHK
Y AR— R Efs 27 L (HEPZEECHREE RS AT L7 E) L OHEREE S FRETH D,
CBTC (I AR EFRFIERIE S AT 2 LT, BHARDK A —H— (A EEFT, =3
E. BARES. 8RR BEIE - BIRICZ ATV,

41.6 EHpEih - Ti5

(1) TTC OEIFOEMmEM - TIHDRFHEE

1966 4F 1 A, &K 27.3km, 2 BfR 23 BR, 2 Hl RO v SHFEROEITANBRAA L
7=, HUFEEEHM T, 81-717M/714M. Em-3M. Em-508TM. Ema 81-502 O 4 &5 /LT3,
4 18 30X 3 fmAK CIHEELT L7, B ORSFOMA, (E#EIT Nadzladevi Hilj it & Gldani #
] L G STV D,
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TTC OHEMEHFIEIZEA L, BEFD Em 740D 5 6 44 HijIE 2023 FENOFHEI L
HDTYETH D, HBMERMIFED TTC ORBEFO R M - MO T REZ AT 5 72
W, TTC £ v FRilfdz AF LT,

Gldani Bt FEH O LA 7 & b

e Y M kB S OB K QRSN OB

HN BRI O B AR O 7o O O ML EEFEH: (General Requirements to Metro Cars)

B AL 30T 2 T SR Ot ERE R PR R (192 MBS 35 2021 527~ 5 2025
BT D T HHERER )

2027 FFIC AR A A 2 5 26 EM-3M, J O 26 Em-508TM B[l 0D BEHT T~ 2 175

B RRA, BEmRST, i (OfR) Ao )E ]

FEPIZLLTZ TTC &R LT,

)

MR SR m ELH & b o R L OEREIL EBRD O Tranche 2 (2 XV HHHEI STV 5D, it
ST, M Bk ELI O FT U UWNIRST AR 2 i 72 772 oD (06 B 7 B B Hb oD B I
Tranche 2 CEE N5 & THEIND

WDH I IEOTZEE W ICE SR OGN 72D, BINO#LE 2 LI ORI
BRERAETHD

BEL A CUXBEAF O B M TIRSF S D

FIEOEHFIL, BEAFO Hl A CoMiA, #Hrvai, BrRiRe S hmain®E)
D728 ORI ORISR D K 912, FIEmEICE I D
BrEEOEIRER L, FEE ERFRIAICAR CERmI N D

MERORTEHDESR

ERORFIC T, ST B ICRE S CEBRIZRIRST & 3 ffRd) | E
W CTER SN D, EMIRSTOGE, FEOH K, WML EF, R OERRA D E
BRETR 77 MLV RSN D, Bk () BEICIE, 5 LR 0 5o
FRATIIA 60 5 km, FERIMRFRATIE 120 7 km TEl S5, EfEIX, FITHIEO S &
[FIRFETC SE M S AL, S s g, Vel &b FHEMIEHITIILLT O 2 Himk 23 24
HThHD

EHIM 2R T, B2 MLEDRWNWE ), N4 HOFEOREXIT, L—/VHE &
D 12m FOYA Ky bE 1.55m FOFRE Y h2FfD (A4 I 77— &
HOFHERAEH O 2 >OMmAEEE

H B ZI e &

Hilig DAFHI AR HE T 2 72 6O D PR T sl hEiz

EHRSFT U 7B T DA OB AT ¢ o = AT A

RN BT DM ERR D 7= O DB T +—27 V7 N T v
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BHEOZM, ZERMHK S AT L, N OBET 5 3R A% O M2 PRI, Gldani
B MO E DB THE S5, LT OEE i@ EIR N RIKIRGLETSH 5,

o U7TvwhvuTLEEY T NVAT AEMAT 2 OO RRAEIE, S EIXRE
O, HAEZIT 40 TEEG EFbhnb,

o EHI AT LAOFNEEBRHESIEBRGEFN AT 4 > W —) el 2 - B AR+ B L
OBl LILE, 2B, L—AEND 1.55m FICHRE Yy MRAHEH7T7y hoaT
WMETH D,

o EBIR FHEREELZRD LI, B EOHRE OB\ WA EREAGH M A ES G AL, 2X
10 ho DRI L—r OB LRSS,

AR EBEIS X, TREOMS TR SN D,

o Jl—A Higtyvh, TlL—F, T VIUE—HF— XT KTA T, Hif~
TVUT, —IRE O R AR gy, vav I T T —— BRMIEY 22—

o NyTl—
o RN AK AR OIE B K ONEE

(3) BEIROEMmEM, TIHORED

HIAE, TTC % Nadzaladevi HLjijFEH, K& OF Gldani HLffjFEHod 2 > Hh Sk EL I FEHI T,
BEfF O HEE ORFERA. R5F. DMEZ I L T\ 5, RSFOFE, KON Em €T
VDT OHE MW FEHEREIILL T OEY Th 5,

e TMI — {7 20 FE[H %

e TM2-4,500 km

e TM3-9,000 km

o HUMFLHI(ERE 3 FEXH (CR1-60,000 km, CR2 — 175,000 km, and CR3 — 350,000 km)
o THMERE 2 FE¥H (EHIMEF-1,050,000 km, 3R A AR SFAE - 3,150,000 km)

TTC @ IThilisi Metro Car Depots] 14 Z M4 % &, Nadzaladevi HLfmELHIE, H DL
S M OMEFRIRE 2 Ei T 572D, FRLICZET b2 sk FX )i CHRERK S LT 5,

o  HHIEIZ 120m OFNEOEEAEHOFRE Y N3 H 5, FHLEORE 15m, FS
126m OLRSFAEHET- D O 3 8
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o O 3HUEDKEIC, £ 36m OFLE, KRS 24m OB AH OH I v R
b B HfE

o R 126m, fE 6m OWEH T v T — BFIEOIMAOYEITHEH S DRD =2 73—
kA2 b EEE)

o MRLRSFEGICEERE L C. B, AIMECR T, EEEBGTM, TEARE, 15T
M, BEhZ L—%, N—FKo =7, NoT7U— KT, KOVEEHMIC L kS
NDIEERRE AR E SN TS

o HEEHIAHIIZAENH D

o TUVVT v IR, kOar T Ly b MIRIOEMICH D

AR OfiEk Ti, Nadzaladevi B JEt A ff U, 7 4 25 %5 D Bl O £l B R SFAEE S0
f8i 5 7250 b DA & i D LN D

Gldani HUfjHHE, #HEORST, K OMEHEEE 2 K3 572012, Tl bh s
1A TR S T D,

o EX 66m, A3 24m, BEX 9.6m O 3 KO#E 2 T EE T, BEXY 77
ATV XN 2MEIL, BPLEIL 2 MOSRRAEICKISTE D &b s,
LUl s, BIMOBEENGI1E, FEEICH LEER) 77 0 7Yy o Fid 1
ML enE b,

o EFHZIX. 15/5 hrORE, A0 25m, Ya v L—LD EHNS T L—
TERZOE S 6.94m OEEEIL 7 L—r PNEH I TEY, 7 L —ARAE THIHD
FRE sy b ROEERY 77 4 v V% v X &2H AT 2 DOMENH D,

TROGEAZELETHE, 1 SOHIEIC 1 DO FERHFHIH O T Blgheig 23 3 S h <
WL EHEI SN D,

Hth SRR
B 4-31: Gldani Z# TBO#HE No. 1
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Hih  PHA I HRE

4-32 : Gldani E# T HEDEE No. 2

o 3ODHUEDHEAITIE, 2,592 A — MLOEBOBEHTIENH Y . HH, g,
b, B TR, BBRET, BRI, EA . R OYTAR S ORE
RIHFEHENTEBY, BE10 b, A0 225m, Ya vy FL—L EHns 7 L—
Y IERZOE S 6.94m OEEIEL 7 L— 2 i 2 T\ 5,

H - SRR

4-33 : Gldani Zith{SHEREIE No. 1
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B 4-34 : Gldani Zith{SHEREIS No. 2

o ANV 12m, HE 6m OEETILOMICIE, M FEREm 2 BET 572 00BET —
R i A TR . RS ER . R T LS vy B b, FIE O B
GHETRRS ., ik, TEEXE, HEIVATLA®E 7 ar, #E, 7¥Fa2bL—4,
WHE, R—=V 27 ROBMRERIO-DOEHENH V2 Bk, R, A
s, EEHBHEOOOBERH 5,

o 4ODHIEIX, A/ 24m, £ E 210m, &S 4.5m OBAFDOERGOBICH Y | &
B X 2 x5 TR D FI KIS FRECTH D, T4 H OBLE T EMBI 2RI S
nTwaplbihd, £z, 8 ROFIHIZXHET 572012 8 DORSFIE N %,

o WLUED2HODKEZ T a L iF, A% 24m, £ X 210m. & E 4.5m D 5 ODHLET
MR S, A HUEIL 2x 5 MR OS2 BB TE, BFF 20x5 WK OFIH 2 HE
TE%, ZNODOMMENRE 48 KADFIHELANET HITIEAR+HTH D70
Nadzaladevi M JEHIZIIBIOHERN H D EEZ DILDH, £ TRWEA, —i
DINHEIADOMBICEEST D Z LI D,

o RE& 150m, F 6m, EE 6.5m OWET 1T — GFIHEOIMUOPEEHIHEH S 55
DA x— KA N EREE)

R ORSTFHER W 2 W 2 7= Gldani HEm AL, EHBE. %u”u SRR, ASHRTR
8@$£&$ﬁ%¢¢%%£ﬁ¢ét WA S D ENRH D — 7. Nadzaladevi Hijfi
FEHIX, B OBRBETFEREICHEHAINLIRETH D,

(4) i, TIHEOREEH

HEMm O 2 SOBFMERICI T 5, PO B RT3 0H 0% < 1% 30 FLLEAH]
SNTWDZ e mnole, ZNHLOEMIL, Hrm T %)EFHT REZ D LAV, BEAF
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B DOREENEIT D L < BT ORISR RF ORM DT DI, BB 2
TLADOEERVIFLBEBBETHD LD D, TRICET LN TODRTHER T, &
RER, ZBH, IEHINDZENRZELY, OO BEHORES 0 IXFEM S5 28,
MBAHTIZIZTE e,

Gldani By it

PRSHER OPLHAI

BUE2 D4 BOBEY 7 bV AT AEHGE LICBEI L, 2 BRIFFCHEE B & ofif
TR % S T REIC T 5,

2, BEIKY 7 F@®x10 Py v d) & LMHET S, ZoBEXY 7 M
FIHIBEERTRE L TRV 2 RRIFFICER LIF 925 2 ENTE, (E¥ESRZ M LS
Ry

IR T Bl g OIRAE & h = AR L, BB O LRSF DA M & BN R S
TWODERT DMEDRDH D,

B R O AN T IE SAVTWRWES BB O B 2 I 5 722, BEfFED
EF & o Blighef O B R FREE S MBS/ D, T ORI, HrE =
Tuyxl NTHAETLZEICRD,

HEVSIEE 7T o b OWRRE & SR 2580 U, S5l O B DA 2hitk & BhaR vk & e
BT OLENRD D, BEOHIEOFRIIZET 2 FHEIT, 40 Fa1E 13825,
B FEHLO AV D2 2 Hl S, R OMRSFEBL Y A 7 L0 H B il fE 7 — &
DETa— RPRPR—NENTWDIRERD D, BET —F Ok, 5
ETRY s MRRETHZ LIRS,

Nadzaladevi [ i

PREFREZROULAFIA -

REDYNEDIEB S ~OYFITINZ D20, HrLWEHBEWIERS T T b 1 HEOMR
EAHELET 5, W, PN 2-3 BEICUERF S D728, Gldani Bl EEHLITO
SIHEPF 77 > b 1 FETEA+HSTH D,

el ERAREEEC RN DT 288 O K22 0 it N2 36 2 BEAF O Hig e
HEAFEA~OAH AR 572010, IR T HERheds 1| ROMZEA LT 5,

ATBY = | CHAHEE SR D B R ORI FRO L B9 Th 5,

Tl—F%a=y MlBREE 1A

K7ay ho—a=y NRABRKEE | 5
Ze MRS 1 A

N7 7 vare—F—BARBRER 1A
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o  HiBNA oN—xEERIEE 1 5
o HifFT o7y A NHEREELR
o HEOWIEZWAZEBZITHT7 7 by I EIRTFHX—I TV 1A

(5) FHLOEHMBREORZECHIIDHEEERR

2EZL LT, PEUVHITERTHEN SN TWLHEH & FEOFFEERORITED 7 1Y =

7 bR T — ZUTHESN T, AWMEHE TRE STV 2 HE AR SR OFHIE 2 5 HE
EAAPZUTORITR LI, ZOEMIT, AFEIEENRY, 2B, LFOFEMIX
RLZTHY . kIR OMIGE N DR SN DREEAF LY LITRRD25E603H 5,

£ 412 FrLOEMBRIBOFEICHISHEER

Equipment Description Estimated Cost for
Manufacture &
Installation (USD)
Automatic Train | ¢  Capable of Washing 4-car trainset. $ 815,000
Wash Plant e Capable of Detergent Wash and Water Wash
e Automatic and Manual Washing
e  Comprise of One Pre-Wash Station, Two Detergent
Wash Station, One Cab End Wash Station, Rinse
stations and Final rinse station.
Underfloor e  Consists of CNC under-floor wheel lathe, Chip $ 1,510,000
Wheel Lathe conveyor system (CCS) and Electric Shunter (ES)
e  Capable of re-profiling wheels and brake discs on all
types of Thilisi Metro, railway vehicles, including
passenger trains and works trains
Mobile Lifting e Each set consists of 4 lifting jacks and a control $ 266,000 for two
Jack (2 sets) Console. sets
e Suitable for one person to move, position and operate
the jacks.
Brake Tester e Consists of Brake Actuator Tester, Brake System $ 205,000
Control Tester, Maintenance PC with Software
Door Tester e Nil $22,700
Compressor e Nil $ 115,000
Tester
Traction Motor | e  Nil $ 150,000
Tester
Auxiliary e  Only software required $ 5,800
Converter
Tester
Wheel Profile e Nil $ 17,000
Measurement
Maintenance e  For Fault Diagnosis of Train, compatible with the $ 17,000
Terminal with Train Management System
Laptop e Maintenance PC with Software

H - R
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4.1.7

(1) EFEORSTEAH

El R TR E

B RS, HEERSE, oA EIc RS & 3 BEOEIMNES (TMUTM2/TM3) | 3
FEFEOERE (CRUCR2/CR3) | 2 D RIGE (R U0 2) N b E iR L

W5,

£ 4-13: FEY VT HOBIFEDRSTEAH

Type of Maintenance

Nominal Mileage (km)

Maintenance Time

T™M1 Daily 10 minutes
TM2 4,500 km > 20 minutes
TM3 9,000 km > 25 minutes
CR1 60,000 km > 10 hours
CR2 175,000 km > 3 days
CR3 350,000 km > 7 days
Overhaul 1 1,050,000 km > 25 days
Overhaul 2 3,150,000 km > 32 days

Hi# : Information from TTC (Rolling Stock Inspection Cycle 03.09.2020)

(2) BESIhIHERMORSTREY
LW O M AR T 45 45, FfK 450 75 km & O R A Bl AERETTEREE ISR 10 5 km

EHESND, B, ZOHEIL,

RSN TWVD,

'Requirements for General specification of Metro Cars] (Z

B OEMRTFEEME T2 LOWEMRTFF—22RE L, —HORSTFERIL, BE
FOF—L00H LNTF —AICRB S, P —LAIILERHELZFERM L, FrF— 20
Bl ORSFICKEIET 5 L O MEIZT H, M FEROMERFE IO EERFICHE T, LUF O
FEBOMEBEZIRET D,

R 414 RESHhIHERMORFEH

Type of Maintenance Nominal Mileage Approximate Days Nominal Maintenance
(km) Time

RM1 Daily Daily 10 minutes
RM2 8,500 km Monthly 4 hours
RM3 25,500 km Quarterly 6 hours
RM4 51,000 km Half-Yearly 8 hours
RM5 102,000 km Yearly 16 hours (2 shifts)
RM6 306,000 km 3 Years 16 hours (2 shifts)
Overhaul 1 612,000 km 6 Years 14 Days
Overhaul 2 1,224,000 km 12 Years 28 Days

i AR
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R T D EmE ORI, [FEATEN YLD R IRFREERE L BB LT, &
ROTZOIZIREOMETIIHIR L, kML m O 572D DO EEOREZ BN LTz, E1T
PREEIC & 2 KRB 2R, DARTO/NRABLR A O ETIBEORE TH Y . ABBLEIC
STHHRETH D,

£ 4-15: HILLWERORRMGETHEE

Type of Estimated Estimated Typical Activities

Maintenance | Mileage Time

RM1 Daily Daily - Functional Check before Train Departure

RM2 8,500 km 1 month - Inspection of wheel, current collector, underfloor
equipment

- Inspection of Intersections and Couplers
- Clean air filters

RM3 25,500 km 3 months - Replace flange lubrication if wear limit reached
- Wheel Profile measurement

- Estimated interval for air filter replacement

- Safety functional test of doors

RM4 51,000 km 6 months - Brake pad and brake disc wear measurement (assumed the
train is regenerative braking)

- Functional checks of spring applied brakes

- Current collector shoe gear inspection and replacement if
wear limit is reached

RMS5 102,000 km 1 year - Wheel lathing depending on condition

- Inspection of brake caliper, brake panel pneumatic system,
traction container

- Compressor parts replacement (filter etc.)

- Traction motor greasing

- Gearbox oil change

- Battery voltage check and water topping up

- Inspection of rain gutters on carbody roof

- Grease door parts

RM6 306,000 km 3 years - Inspect earthing
- Battery re-conditioning
- CPU battery exchange
- Wheelset ultrasonic test
Overhaul 1 612,000 km 6 years - Inspect vehicle body

- Perform overhaul of bogie, coupler, traction motor, current
collector, high speed circuit breaker, traction motor/
coupling/ gearbox, auxiliary power supply, battery,
compressor, brake

- Replace wheelset bearing depending on condition

- Overhaul of door operator components, door leaves

- Replace brake disc depending on condition

Overhaul 2 1,224,000 12 years - Wheelset bearing replacement depending on condition
km - Replacement of battery cell blocks,

- LED modules of interior and exterior lighting,

- Overhaul of doors operator components

- Coupler heavy maintenance

Hidl : FHEF] (Maintenance Information of Other Similar Rolling Stock Type)
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TRty HRE

o EAIRSFOEREITIT FARSFOEEN 2 TE
LoD DO O RIRAE T B DR EOMRE CTIEEIND
B OB T/ BT MBS U CHEiS D

F2p o0 fEmA (1.5 B0 km) [MToO, #itas, EEHE,

ZBWTIX, FERLOAHRSE A

278, FEHIROZHIIAETH S

©

b5,

EXF DR FHARE
TROMAERIE, TTC O =74 ML EEL, %

shb
GIhb

HeEEL

Advisors to
General
Manager

General
Manager

Office of the General
Manager

Human Resouces
Management Department

Passenger
Quality Service

A R HED WD L

RIRR L=

SRR OMER T

Director of Bus
Operations

T
Director of Metropolitan Director of Monitoring|
& Cableway Operations and Legal Affairs

s
Director of

Director of
Financial Affairs|

Information |rEect0r (Chief
Technology ngineer)
Advisor to Deputy Director Financial
Bus Depot N1 F + Bus Depot N2 Rail aggllgnne+ {Eleclnec:\llll?:pply‘ Director of + Internal Audit of Information Economic Accounting Cogz‘rc‘lggon
Monitoring and Technology Service
Legal Affairs
United Information Inventory
Bus Depot N3 F{ Bués&;‘/rlce M;g':::gecal %{ Works_hop Traffic 1 Technology ’7 Control ++ Sales Service Lacbgrr:;fr)ry %
Service Monitoring Security Serwce‘ Service Management
Service
N ] Signalling and Technical Fire
Bus Operation, Bus Dispatcher Traffic Service i Gldani Depot Communication TS':'I‘S:JCZH Procurement and Labor Safetyms
Safety and Legal Service Confidential Service Service
Traffic 9 Department
Department
. Mtatsminda Public Relations :
Nadzaladevi Cableway Agricultural Technical
M Ropeway Projec and Marketing
Depot } + Service Group Service Service Department
Technical
School
HidiL : http://ttc.com.ge/en/report-scheme (translated to English using Google Translate)

A

&) Do FTIETF— A
IEVEHT D, &k L FHEE D T2 O OFHR ST AED

TP S:

B 4-35: TTC O2&##R

FEDRSFHLEE D B/ NROFIHEE 24T 5 BN B 2 & b b,

(4)

BT DRSPS ST D720

VMERRKRFOE-HOEFHBEE
. CH A - T3S ORSFE I
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o SIHERERST R
o EHPRSFERM

R T, mH 1L EokE 1127 ) | WEEEOmAE4E 427 ) | PHEEOR
2\ Q7 b | FxBEELRE QY7 N BV, mHAR 19 7 NoEYBRAEN
FEhi S5, £72. FAIEOEGHEROZOIC, BH 21 /D 22 ORESFY 7 B &M H T
RAFIZ L BECH o ThH ERE L TS, FEEEMEICID &, THRSFEEOBEIL, Hifr
F 64 L EHEEE 14 CTHRESND,

EFRECRSFHEICBI L, B O EEZ T H B A4 BT rJRE 2R B IS T~ 5 72 1T, A TIREfH
BERE T N—F 572D 3 R ZEY . EITEDOFNED R 2 B 2> > el FEAY I fFR
LMENSD D, 3VT M N—F5720I0F, WERTFINTI4OMNETH D ER-ET D,
B, FUCGERSTFERIENNE 3 4 L EHE RS 1 4 THR SN,

FERSFHECE L, HAIE O RRA TS T OO OBARHEZE ) M THZ LR TR,
ZHUE 6 RO D DI RE A Z RS 2 Z LB TERNWZDOTH D,
BRSSO #LE, KOs 2T 228, Bl COMMmAENE TIN5 b, BERST
BEIKEIO SRR A Z R ERB L 70 D, FIHEOEHENE L ZRMEEZ R T 572012, R
AL FEIRE 2% 1,050,000km 7> 5 612,000km (Z8E#E S A5 72D, Brei i o oy ik Ar &I 0 3
DK 2 572D, FFIEOERST & O fRRATEEN O 72 OB S B B 2 7= 9 72 DI,
2007 NRRETHL EREL bLD,

(6) HLLERORTFFL—=2Y

FAEHEEICHB SN TND T A 7 A 7 VAT 02X, EEE, RTE, KOGE
TR T D5, Fik. SHAREIN OBIR~OM Y AN EETH D,

WHEIZ, PL—F—DEETHY, RTHEOFERFBEENZOKEZH I XX THD,
T, HHEIXEICUTD 2 o0 FHETHEBESIND,

o HEAFRED 1= 6D D FEFEAHE
o FEERDOHX R & EE+ HEEHHE

WHE DEEARBALITLLU T O & 72 5 -

— e

o CHTHEHEE

o ARHRTOHE S
AEHORST

o THIfRE (HFAH. AR, WA, FHIRRR, FRAR, 3 FRAR)
o ERE KON EMEIR
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o RTHLEhERE O B AT
o FIHURHE) K OLHIE IR

SRR AT

o HMEIROMRA  HNL (B : BE, FT 7T ar A =2 @il =K 2R
JEREE )

o RT VAT LLRIGA

o T L—XTRT LLRIRE

o HH VAT AR

o HIFEER K OEIEIE Oy Rl A

o BHRVES| VAT AORIRKE

o WM(FILERMRA

o R OB KL OFRIEES

(6) BRFHERUFL—=VJEMR

DRST R P 52

B LWEMm OET, MORST ORI 2 FIIRTRIBHEME DL ETH 5, FFEMZEIE
HrEL O 2RSFESE LIRBI ORI Z 1Y L, HRx 2 LUV OPRSFIEERHBI 2 RE L, RS
F— L0 ZRE L, BT —LONMER D) Z BB L, Ml E#H 2> b IR Tk~
DFFRDOIAT & HERB T D

FIREPIZIE, PN, EATHIS, R OERONZ T T 77 0 AHESE | T
W28 5, MEU UM FEROBEFTAZED 201, —RERFIH, RTHIE, RT D
IO, K OTES), FEEEHE, KOEKEETFRERET D, LU TE2#ERICT S,

o RUFTENEMEN, FEIND L
o BiETx—RIIBIF B TR MEZEET B2 0I0, FEmORTOREILET, &
OMESFEHE] & O BN B 5 = &

FIEEFIZE, (EHEME, ATRME, REFIE. 2Pk, ROSETICET 5 07 B & fe 32
7= L 910, HEEOMESHEENICSOWT TTC ICE 4179, £7-. WHEMZFIL. 24
RMRSFOTFIR, ~ AT DORSFO FNEZE OFEM 72 BIE A VERR T 5 72 OB & fpk & ik
T5, W, FEMZEIIME ORSTERY 2T L& HESLT 5720 ORER A TTC 1212t %,

PRSFREBEIREIZIZ D DR () 1ZLLTO@EY Th b,

o [RSFHHARERST

o (REFv =2 T VOERR

o [RSFEFH

o {EETFIH
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WHESR Y R

THED A a—F 2B L Cid, THEEMFEZEE a2 o R3EI 0 YT, Bl aE
I2E D TTC DERE~OWHED T2 R T2 Z LN ARETH 5, WHEHMF X, o
Fifli 28 U 7o BB 2 N BHNIE R 7 L o, Hilf L e iBina B0 & L7iF
BENEREIND Z L 2EFEICT H, X, RPHEFRMZFIL, 4 TN T 2 EERR
ERETOMENRD D, LI, FHEMAFRIL, B8 EEEREGEZFITTHHMEDO AR I A,
ST K D FHEEOEIT, M ORSFICBIT A, R, KE =20V A7 i
W DO DEE/R LGV AT LE LTORNVEH Y AT L0, KOFEIZETEZHA
Do

RRANT T T 4 ZAFEICT HDIC, FHEREMZE T, HiliftiaEIc L 20HEDE
MRS, MR T 5, ZUZiE, HE=—X 3o %, WHEDfRME & pHE, K OFE
&R DR E DT D DL 72 FIEORIRNDE EFNDH, WHET—ZADEMO - DITERE S
TAREE T, REBKERBEAETOILERH Y, HHEOEEZEMR, LOEET L7290
DEOENT BB ARKESNDLEND D, MENRENE, HEERUTORT—E
L7WHE G R 2 BT 5 Z L A HEICTDHZ ETH D,

.« BE
. WE
. %
. M
. WM

o dnHEH

ELFFEMFL, TROBRERE ST 2BEDNH D,

o HHEMOMIEENETT L L —=r T EHRET T n—F

o HTEEMOMKEE 2R L 22T T e bW HMEB BIO N & FIH
o CHTHLIE OMLKEE 23ST LR 1T IR b 2R WA TENHE B O N EE
o WHEEBIOARREN:

o HWHEEEITHM S D HEE

WHERMZIZh DY () IZLLFO@EY Th 5,
o HWHEFFE M OMIARE
o HHE=—XHr

41.8 ERETE#E

AFRAEDHATHIL R D —21F, HLOWEMORGIAETH D, REFAEIL, B LOEH
WDHERL L2 T TR O WBRE R /IR G EER AN T A= Z 2 GT 5 OIER S T,
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BEHEREL, Zo7r Yl NOROER CEARFEZRBET H2720OOR—2T 4 L L
THSRET 2 Z L ZHME LTV D,

FXEMEEED BRI, FEm AL L 0 iE e b WEE R NRT A —ZORERET D
ZEThD,

AERNT, BFHEMEIT, BTHE O FAT LA & R S 5 T DI EHE A R E O HEF A
EERT D, ngiﬁwﬁ$ﬁ®747AgowTi\ﬁﬁﬁ@—%kbf%ﬂ%%%
ET D IR, 293252 Lk, HlHEE OBRAHIR L, BRI B3l
é%%%%%éﬁéo%@tw\%@;5&%%@%%%ﬁmaiMTw&wo

AT e NTE, BHEEAZREFO MY CHT RO, EH, K OVEL

Lmuﬁézgﬂ%ét@ Eﬁuﬁﬁé ENTERNEONOKRGTER () b
5o RFAHEMETOY AT BT D20, TDO XKD RERITRFIEEICEEND, &
%E_i\uT@ﬁaébﬁm%%%méhtmaA7% 2 LEEENEEND,

e TTC ®3#E [General Requirements to Metro Cars| DL E = —
o KIHADEANEFEMFEIZ L > THIE S SRS

o TTC, KMUOAFEMHOBMEMZE &L OHIFEH. KOT—4
o [HEEMIRANANTT I T 4 A

RETRETHR DN L BEHRETERICIE, ROBDORH D,

o FIHHERL

o HIHf{ifE

o HEIfFE—F

o JIHEOMRE

o FHEDYT AT A

o HEVAT A

o [EHAME, WTHME. RSFHE (RAMS)
o KA

o  AMENR

o IREE

o TAL BIXEL, ZITAN
o fREFENL—=27

ARRHETEIZ I A X — T = — AR EMIIE T TR, IRBEFA A —T 2 — R
HsCETHE DTV S,
FEMHHEOBIIED NN—2 9 T, IRAER 2 ITRENTVWA

i

:

419 ESIBHDOHKEH

TTC ([C k> THRE S, BMHEMFIC K-> THM SN2 BHFRAIC & > TRAES L7z &
2. BEFOEGIBN AT LD T 60 FMRUTE TSI hDIED, EHIEIRES —7 L
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DIFREEMEOEELZ T TNDLEVWIFHLE S D, VAT LADE ITRHUE /24— —
R—b, BE, MR KEELEZOND, EL|BIOEEamE ke L FAAEEIX, £ b
ZEMERIBICHERFT 2 2 L BREEIC /2D 5o b D,

I OREE SIICEWT, HEEOEANEGE AT LOERICEELY 525
AREERH D EVWI U R 0™H D, BARMICIE, ESIEHY AT LI2IE, FEmOEH %
PR— M T DD+ mEm, XIIBREOZEN 2 WGERD D,

MFOESNBEIAT LNEREZY R — R TEXE0EI DT 572012, KRS
i, EEHVI 2= arBNEEN TS, TTC otz FR a4 H L <.
Line 1 DEEFOEFIEII VAT AOBRET NABERINT-, ZOTT /I, BEFEOEMN
DR=2F A N L TH LWHEBOEEL S I 2 L — M 57Dl I T 5,

Val—varOERNFINTA—ZFTROELY ThH S,

VL FDOIRTE -

o IAKIEEET

o IKENFE, EEKOER

o [H/ETL—FEIR

o T A4—H—lr—T )&

o RO OO OB BN

o 150 M OiEERHIF A2 AR — ~ I D HRE

o | DOFEFIEBHVBBME L TWRVIREET, FrLWHEEOER % A — h 9 28668
o ER|IBENMKEr —TN~OAGNE, BENTFELEZYR— T 56

o EFOHMDR—R T A NIxET 2 HH i O g

Yal—ya T, BEFEO MY VESIEVAT LR, 150 B OEEMETH L
WHELH OEIR A2 VAR — N TX 5 EfimftiT oz, BEFOESIEN AT LN, 1 DD%E
SIBNEBHTVEM L CORWEHZ, B LWEmOMER 2 3R — 32 O+ 7 BUEME
PR TWDZ & B L, H/\:J.I/—i/a T, BEmICEL o TAR SN AL
TRAX—IZLY, EBNHEBHOBEN EF L, EEHOMELEL 5| X 23 Araek:
NHHZEBHPA L, T00, BBV AT AN THEET L —FDHELE X5
ZRHI 2 2 & 2 HESET 2, Z ORI Z AR OFEEDO—FHE L TED DL Z ENEHT
HbD,

FREN I ab— g CORREIRMNEE 3 IR,

4110 YARATLORIE. ZlFAh, RUREEOIE

e UHI OB 2% 1T ANDIZODHEDOTa A L FIEFIAHTH D, o
T, 770 —F %, FEmO5IEE L, 2T AN, ZEMICEET LU A7 28T 57
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WIT, EBRRRRA NS T 77 40 AR LT, KR OFHE SNZT7 7o —FiL, &
D & 912 EN50126 i TiEFR S L HHNC DS W Tn 5,

o CHTHMIZIIZEFHDBNLETH D,

o N7 2R F (Independent Safety Assessor (ISA))MEfm S AL, HrHE] 2 BT 5 3%
RO ZEICGEE L E 2 —T 5,

o ERFFINEKRBINDET, FHEGOGZPEL &2 ANITITRDILR N,

o HMALIEEIT., BEFHERERL, V7 AT AMHEE NS OEET L2 TOAN
ILELZ RS DEEDN D D,

o LEEFEFIOUWE[HIZ, TTC ORKGF - EEa YA Z 2 Mol TEESNLD,

o AL, ERINEBE EN50126 TEFR STV AHRHANCHE - TER S LD,

2 IRal

EN50126 (X, BE~DV AT AT 7 u—FEEDTEY | BB LEOREEEMEV
UL ROKER e TV AT A~DOESy B E T ke Rt 5,

EN50126 TEFKIANLTWDH L 2T, FHHEBEOMEE X, Be2~0T7 Tun—FL UTx
BLREFH O E TS H2LEND D,

o VAT LEFRENEM

o fEMROFFE., UAZHHT, VAT FHSD U A 7 Gl % i
o VAT AEAARDIERL

o EAFFORE

o fERR/ U R 7 RHOR 2 R L CE N

o VT TAT L AUERLGEN GEAVEER)

LARAFFHNT, REHOBEMNOIBEED . FEEOF]| X L & IRSTEIR~DZ T AT T
T57aves NIMERTIERT 20BN D, BREEFEMEKT 5 CE LU, 7
aYx 7 hOWETIZE DY CEBOIIERT 2HERNS D,

LARFEFOLE LG, ZORBEEEREE L CEMNICTHMET 20BN H 5, FHmI,
HE G HE D AT LMEFE~ F— ¥ v — LM Z 25 (ISA) D i 5 8 AT D MLERH
Do ZIHOFHMDRE SN D ATREMEO H D REIX, F5E SN T-HERTEET 2 ML EH
HDH, THITKY | FrEMOIGREIE~DG| EPE L, MO T AFURHZ 22430651 25 K8
RN R 7 PSS D,

}) VATLEE

UAT NEHRIT, B RO SN B BRI E A OL R 2R 5 DI BET
B, ZOED, RETLI ALY DY RT MEEY R — Y v — L EFEEE DY AT
MRFEF— A, BRSNS FETO L AT NERA RN L CHERS T 5 LB 5 5.

UAT NERICIE, BIETUT R b BRIEE— K (GER, R | RORER Lo
ANBOMIAERN G END, v AT MERIL, WEONRE R L CERT 5 LERH 5,
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FEREONGERICIX, FEM OXRGHIEELY 5 2 2FERBARE. F=F. BER. WK, KW
HEHERI72 A o 5 — 7 = — A LB RSN BN & 50 5 LED b B,

VAT LAERT, T2 bDTA T A I NVEKRTRAET D WREEDH DA TS
UT, BHORECHED, YFTROMEET 2 LEND S,

4) RO

U 27 G L, EmEREFORMN OGS, SIEEL LKRBE TORGTA 7Y A2
NEERTEHEINDLIKE S 0B ATHDLIULEND D, EMERREHN & & &AIFEN Ol 5 % 5
ITTo0ERH 5D,

fERRsEY — 27 a vy 7R FEmL T, THWEBRETOEREREL, BEESTLY 27
ZRE L, BET 2R EZERT OLENH LH, AL, e 7248 L Tidsk, &
WEHTHIVERND D, falka 7L, Yvy=2 NOTA 7% A 7 VK% E U THEHL
K O AR D BN B D,

M BN D ZERROEMLZRET HERICIE, AHEMIZFITAIRE/RR Y KV ALARP (as
low as reasonably practicable) DJFR|Z M3 2 ME R H 5,

6G) YRTLEHSH (SRS)

HEAEE L, W & 20T T VAT LM T RE R TOBEEFLZREL, £h
5% SRS IThtek, MUOEHTHILENRH D, SRS WTEH SN LB 240 LT, 5
Bk, ROZAEZ MR TE 2 —DOBEMF2ERT 24N H 5, SRS OFEMITIL, &
ARG 501 411 Q)ffiiciifisnizt 7T Y LT 2 BIEAZEHID Y TDH M
VAL YA

SRS DM, THIRAE LIZJFE R CBl) M OB & 7o 3 A/ R RS0 R ()
RO T v, BEFARETH D LERH D,

TEMI 72 GE & SRR OFHEIL, ey =7 DT A T A 7 VBRTEITLT,
BENFEE R B CE B ATRETH D LW DR & | B A 727 A ML A RS
LMD D, Wl SHIZMBEIE, B Sh R TEET OLERH D, Tund=7 |k
EERTONEBTHREREIET, IS EL/ZTANREOR —O ZEREIEL D bR/
BRI THD D,

(6) RE2EH (Safety Integrity Level (SIL))

TEBEOETODY AT LHT VAT AL, SIL Z2E 0 Y CTHLEND D, MBI
UT, SIL ZHHEL 2KV T VAT ATEHI VY THRLERS D, SIL B (SIL 4 2
B <, SIL 1 A HAEVY) 1, EN50126 TERZRIN TV HREHHT HRICHE I RERH D,
SIL L-ULNE D Y THENTWNWDE VAT LY T VAT AL, FREREREESR (Tolerable
Functional Failure Rate (TFFR)) # %IV 4 THMENH L, MO EMEOREIIL, BN
B, KOVEREMRIEOMW S Z8 U TRt 2 0883 H 5,
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7)) fRREREERDS

fERERI O AL, U AV ZFFRRRZR LUV (FRARERY A7) 6T L TH
Bo VAZHRFAT TV X, EN50126 Dftik C IR ENTWD T T a—FITHE D BN H
%,

falme 771, EN50126 Oftek C TERINTWD K I IC, KfEMORBAME L ERES
FLERT OMENRH D,

o [HAEDOMEMKIDH

o THEH

o VAT LA

o WTUAT A

o fEMRDFLH

o fEFRDIJFIA

o KABAH

o HEHKE

o B

o WAV A7 (REFIRZMEA L72WEE)
o  EARFFORE

o REFIR

o YU RXZ (REFROWEME)
o WRAE (BALA/ET)

o AW (EWOHHLEHAA)

falbgn 7ICRRES N fEIRIT, EROBHE RIS 5 RECE, L2 OmoSE (i
TEFIRS) £ TBBAEETH 2 LENH D,

(8) REHEMEFEEH GESEIER)

B AR PERAITIL, FrEE O e 2 MR L, ZN O A EIET 5720
DEMFEZDDHLENH 5,

LRFEHT, Bl ZIUCREET 22 TOT T VAT ARRE SN BT ICHER L
TWD & W) LA R 5, Z22H6)I% ENS0126 Bk OB TH Y . #H LWEm NS
THIICHEA L TS Z L 2FEETH0DOERTHRRN R TIETH D, “aFEHIL, 7
0yl DT AT AT NVERZE U CEBERICHTE S, S L 22 HiE I L -
TEMNFHE SN D MERH 5, BREFFIOAGIL, H LOER 2N — e 225 &
EL, 2T ANDIEDORHRELETH D, TORD, BEFH TER SN TV DM
i, EEAZ T ANOGNDANITE T T H2HLENH D,

EN50126 (2> T, ZRFEHUITRDO L ONREFEN TV DREND D,

o HMOER (VAT LIER
o WHEHHEE - {HH) &AL
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o ZAEFHWEE - I5H) LI

o PUNRILEMEREE - [EE, =7 — BEH. KUIMR O OERENRE LY
B DOLEMEDIRFE

o BETLZETOHEMY T RT LMIBEET LR ZUT2558)

o HIMAZLTOEMINIZHAMITH L TEZETHD VD FHE G

Q) YRATLODZRITAN

WEFOMASTN & AT SRS, + 27 AOKRBIE, BFEAZOMMAN GRS
IZx LTI R R Th D 2 L 2 RIET D LEND Y | BTFICES LERD D,

o  HL[]AY EN50126 (29t - THA%E. ML, MOV YMENHERR S 4L72 & v 9 GEiL
e ENS50126 IZ9E»> T, FEE SN 2B N HmI- I TS

VAT O ANETERT 2 L, KO bOREENTNDBERD .

o TAT LEFLEMFE

o TERBFNOBET LU Ry e die, AT HNEMERORE
o HEHH

o S U 7o EMERTAT s

TTC., MUOZOMOEE T ZFFEELEIZ LD VAT D2 T ANIT, BEFHITRS
Ao ST U TR S L2 22722 P AN DR T ORI T2 SIIZHE IS DR REET 5 4
ENd D,

4.2 RBEOSIY FORE

BRI 27 NONEZLLTICRT, ISAE arP L2 FOEBEOMEIL, 6.2 FE
Efi A Y 2 — VTR T,

No Items Unit Quantity
1 | Rolling Stock Car 80

2 | ISA LS 1

3 | Supervision Services LS 1
it SRR

FEHMBIILL FOFRIZLY 80 MR T 5,

e TTC X, #17H ¢ EBRD AFLO T 44 iz FHiET 5,
o 25HIKTN413 S) TR Lz X 91T, 2029 FIZIZ 2 TOHME (8+62+51+8+19=148
i) @ Refurbishment 21T 9 MERH 5,
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o 413 HiTib5% X 9T Refurbishment %47 72 Hijl] & = R /L X —2h= D B\ HT Hl
DOESHEEER ORSTFERHOZET, 52 8Tl R2 X512 TTC 12 & v MBEICZY
MDD . Refurbishment Z1THOTITHHAFNEST HZ ENEE LV,

o 48 WZFHET H I ENEE LWV, BEMRESORFHIZNMNLTH D,

o FARFHEEEEIT 40 LB X L0, EHITE S TALSMERN LV " E S 80 i
% 2029 FICIZRHET S Z L 2R T 5, WX, Em-3M & EM-508TM @ 8 i, Hilid
O XY H 27 WD Ema 81-502 8 81-717M D i HAREED X 0 B 45 Wi 4&
Fr80MTHD (LLTORESR) .

No. of Cars _ . .
. Year of Medium Final Expiry
N Procurement by: Repair with vear
e Modernization
192 A 4
Future Plan ©
68 ©
81-717M (cab) (62) ©
81-717M (w/o cab) (51) S 2019-2029 2036-2042
A
2
Proposed by the g
Project
7 80
Ema 81-502 (cab) (8) g
Ewma 81-502 (w/o cab) (19) ~ 2028-2029 2039
y
52 ©
Em-3M (26
EM-I\§08T1\(/[ (2)6) EBRD 3 2015-2018 2024-2027
44
v

;AR
B 4-36 : SFEEMEE

[Z25]

0¥, 2029 MFZICHEBI CXRVEBIZOWTIE, KA T EMOEEHNEE LU,
RKEEONG LT HI2IE, LTFTOFERICELVBIENTIERY, Zhbid, TTC OFHHEEY
|Z Refurbishment 217 2 IX B W & BEN 5,

e Refurbishment Z 1T 21X, 2039 3z 13fE Al EE72 D T, Refurbishment % 1T 7= Hjifj
ZATE L CREHEICL T, FrEaiiEZd 28 bEZ L,
e 2029 4FIZIZ Refurbishment %47 > 7= Hilj L, FALLIFE B BaiE L 2 SR 03 i <
%aﬁﬁiﬁ%$iﬂnﬁﬂm2@#@@?2%9@;
o 2039 FITHELT D72 DITIX, 2035 FICFHAE OFE & Blhh, 2036-2039 (LG T
mimmf&gﬁw&wiﬁ_&DK$¥Ka@é@ﬁﬁ£%?mﬁwo
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4.3 BEXE

B L-EERZ L TORIIRT,
% 4-16: BEE (2022 £ 1 ABEEME)

Amount
No Items Unit | Quantity LC (GEL) FC (US$) Total in US$
1 | Rolling Stock Car 80 - 108,000,000 108,000,000
2 | ISA LS 1 - 635,360 635,360
3 Supervision Services LS 1 4,979,375 8,501,340 10,107,590
4 | Sub-total 1-3 - - 4,979,375 117,136,700 118,742,950
5 | Contingency (5% of 4) - - 248,969 5,856,835 5,937,148
6 | Sub-total 4+5 - - 5,228,344 122,993,535 124,680,098
7 | VAT (18% of 6) - - 941,102 22,138,836 22,442,417
8 | Total 6+7 6,169,446 145,132,371 147,122,515
Higt - G A
T

o ETOHEHIZS%D Tt E2EET 5, EN
- VAT : 18% (HE§HzE, a vV Lrr o 74— X)
- HE AR : EBRD 44 W |ZIFER S NNV OARFETHEE LW

AT CRBLIIRDO LB TH D,

PUF, FEEITEERBR LRV, FEEMFOZKIIIEET ILEND D,

o TR : 20%

o FEEMME 6% (H, 2th, EREAENRKL2%EL 5, SMEAN CGEEEHR) (25
WL, FeflEIEH S )
o FUERBL : 15% (SR 4% SKHA O ey
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SB5E  MBIW

5.1 TTC O FHERR
511 HMEERSW

TTC @ 2017 005 2020 DA F AU Bi#ER = AT L, TTC OMEREE - MERILO
IR Z1T o7,

(1) EfEARE
TRICTIC OGEMREZTRT, FETNERELTTRLEH D,

o TTC OBUEHEIE. TTC % 100%FTAT 2 FE Y UHiOERIC LY Eii STV 2,
Z ORI, BPEDOHEL (Assets) 1Z331F 5 Non-current Assets O KR/ X EEEPETH
D, FEY CHPRMET IHEEEAR (Equity) ICX VDN TS Z LTS
TwWb,

o AEDE (Liabilities) (2331 % Non-current Liabilities 1%, $RITREIE % D& & IHEIC
E2boTIHARL, TTC 3E L2 —EADAFLICET S TTC OIS
B D EEEE SN EHELVE IS T2 b0 TH D,

o JIFEITHFEARA: (Issued Capital) 7% Non-current Assets DBFAZ 2 Tl 0, RAFEHEL

(Accumulated Losses) DFEAH N> TWDH I Emboand oz, MEU Uk
TTC OFEAFHEITMA, HEEIH L THERAHEZIT> TS, ZORITOWNTIE,
ik DR FHHEEDOH TR,

& 5-1: TTC Bfgx@%F (2017-2020)
(BAT : 1,000 GEL)

| 2017 | 2008 | 2019 | 2020
Assets
Non-current Assets 217,070 231,582 325,507 447,646
Current Assets 71,070 192,676 80,481 83,770
Total Assets 288,140 424258 405,988 531,416
Equity
Issued Capital 332,113 521,126 554,210 850,603
Accumulated Losses (84,234) (138,500) (209,793) (359.587)
Total Equity 247,879 382,626 344,417 491,016
Liabilities
Non-current Liabilities 25,408 22,675 30,720 28,131
Current Liabilities 14,853 18,957 30,851 12,269
Total Liabilities 40,261 41,632 61,571 40,400
Total Equity and Liabilities 288,140 424258 405,988 531,416
H# - TTC
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)

2019 @ Non-current Assets DHEANIE, EBRD P22 L 0 ifEE S 7= 58l 2 Bl
DEMEFTe, ZOREOTZDO FE Y UHIZ L HE SR 2018 FIZF EXh
T ENEEEL, 2018 FEOKKEEAR (Equity) KOVRENERE (Current Assets) 73K
g & 72 o 7z,

EBRD HRIZ X 2 /3 2Bl OFMEIT 2020 FIHATHI, Z4AS 2020 40D Non-
current Assets HE IO LK TH 5, F7-. ADBXEIZ L D7 —TVEH, BRI AT
LYEFEDORE S 2020 FOETEEHICEH TN D,

2020 1L, ERROBREHREITMA, a0 @IC LD TTC OIMARKE < HEHIAT,
ZHDEE BN LI L I o7z, ZORPUTH LT R EY Taiid, 2020 91T,
TTC (2% L THREETHI 290 5 GEL DX A T o7z, T ORBLIT. 2020 ££D
FITHE A4 (Issued Capital) M OVRAFEHEL (Accumulated Losses) D H{NNIC ik X
ncTns,

REFHE

WELUTIC TTC OHEAEFHEE, ke — FRORAEIE, HFEANSERE R, TEAL
LTUTR® D,

2019 FFE TOMMEE LT, Bk —ERNL O ATINEZ TR LTS, £,
6T — RBIOILAEIAITRTEY . 2019 E£OM FEEOEISIL, FTRNH-A
Z EREl>oTWS, H28O MY UHNESFIHERORERL TR LIZEDY | 2010 44X
\ZBIT D TSR RITHEM L TRV, 2020 FIZAD 2o @I LY JBEHOR
BT IR HIAFR EARER L7 b OO BYLAHR AT, IO HEAME A X R85
ZERMIfEIND,

201844 A2, FE VU BT DEEHEHIESLN FEY UMD TTCIZBE S,
ZDEBEISDOULAD TTC DYLAD—ER & Ip o 7=,

TTC OEFEMIER (Ge L@ ERRER) TRIERRTE 2> TS, 2020 FD¥E
X o oo gL LT, 2017 4£, 2018 £4£, 2019 LEI2BWT, £hEh,
55%. 40%. 47% DKL EL TS,

— 5T, AELZEY—ERIZEORM - A 7 THMETHY, REUINRED
Thor oz, EBELESIMAOD, &« 47 FICOWNTIAEEREIC L &
HTdEDOhHbLRHBEEZLND, ZOHREER L, BUHEHR (Depreciation and
Amortization) & JfE+E% (Impairment of Property, Plant and Equipment) (F:(ZIEE 4
BHER) ZMBERBEICE LR LGSO EMEREZRHT 2 L 2017 F23
12%. 2018 4% « 2019 23 11% DK L 7257,

RO EAERe 0 REVEHPN AL, EEE LTFOFEICHbL T, K&
JERECRAR BT & 2 E MR B H OO LEMEITE W E B X HLD,



Va—U7E- MY HUTTERER

A R A

®& 5-2: TTCEZHESE (2017-2020)

(HZ : 1,000 GEL)
| 2017 | 2018 | 2009 [ 2020
Revenue
Revenue from Transportation Service 123,028 131,867 139,441 72,222
Revenue from Parking - 1,766 5,650 5,621
Other Income 4,750 7,005 7,783 8,049
Total Revenue 127,778 140,638 152,874 85,892
Expenses
Salaries and Other Employee Benefits (90,705) (99,557) (118,983) (117,636)
Impairment of Property, Plant and Equipment (39,448) (23,916) (33,963) (26,432)
Fuel Expenses (18,704) (21,388) (24,013) (18,990)
Depreciation and Amortization (15,467) (16,488) (21,137) (32,827)
Electricity Expenses (10,003) (12,178) (13,462) (11,010)
Materials and Consumables (8,160) (8,914) (9,933) (7,474)
Tax and Related Expenses (5,217) (1,192) (3,202) (1,946)
Insurance Expenses (2,447) (1,293) (1,316) (1,232)
Other Operating Expenses (11,973) (20,133) (19,187) (14,282)
Interest Income 3,418 6,822 19,081 3,897
Other Non-operating (Expense)/Income, Net 410 1,813 1,948 (7,754)
Total Expenses (198,296) (196,424) (224,167) (235,686)
Loss before Income Tax (70,518) (55,786) (71,293) (149,794)
Income Tax - - - -
Loss for the Year (70,518) (55,786) (71,293) (149,794)
Hi# . TTC
£ 53: WEE— FAOIRAEE
(B4 : 1,000 GEL)
ET— K 2017 2018 2019 2020
N HE A L) O & A A
HT #k 55,974 45% | 61,906 47% | 67,851 49% | 34,253 47%
INA 63,650 52% | 65,401 50% | 66,802 48% | 37,449 52%
0—77 A 3,404 3% 4,560 3% 4,788 3% 520 1%
a8 123,028 100% | 131,867 100% | 139,441 100% | 72,222 100%
o BRUNAE, BSR4 R ONE GRS M e D OME A ST,
High : TTC
& 5-4: TTCEERMZEE (2017-2020)
HH 2017 2018 2019 2020
(a) Total Revenue (1,000 GEL) 127,778 140,638 152,874 85,892
(b) Loss before Income Tax (1,000 GEL) (70,518) (55,786) (71,293) (149,794)
(b) / (a) -55% -40% -47% -174%
(c) (b) + JHAMMERD + JBEFEHEZS (1,000 GEL) | (15,603) | (15,382) (16,193) (90,535)
(c)/ (a) -12% -11% -11% -105%

HL - TTC SR & 2 AR A S H
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5.2

521

AEXOMBIH
v LilOVep- ]

AREEDOME /oHT & LT, TRED With-Project 77— A & Without-Project 77— A D% ffl & Lt
BT HZEICLY, AREXOMBHFHMIZ1T > 7=,

)

With-Project 7/ — A (With 77— A) : EBRD H4Z(Z K 2 Hi i T fe\  CHrE 80
DL, 56 5 6.2 Bl T i A 7 ¥ o — it > CTEIMT H56
Without-Project 7 — A (Without 7 —A) : KFETE X M2 21T 5 HEDIEKHLS0
WZOWTC, IEMUEE FEM9 5 2 LIS X 0 MR L, TTC 0 Hl ik )12
o T2039FF TIZ 80 MOFHAFEL, BEAFHM L DEXMZ 21T 555

AR &4

LT ORMRFEMEO T Ty v a7 —2Ek L, MEBHNEILE#E (Financial Internal
Rate of Return : FIRR) Z & H L7~

)

FEABEARIE. 2022 4R 5 Without &7 — A (2B W CTHHLANA 2 187E T 5 2039 D%
FETHD 2040 FETE LT,

With 7 —2AOFEM & LT, BHmgiERM, y—e2&H (a2 FEEY
Independent Safety Assessor ) | {HEE) T A & EF DIz,

Without 77— AD#E M & LT, HEEMBUEE M, WHEE = A b, Bk T M
® With 77— A & DZEFESy . 2039 FITHAZIRE T 2 EOMREREH L O —E 2
B (Y2 L Independent Safety Assessor ) %5 72,

With 77— A & Without 77— 2 DHEM 72 tbE 24T 5 Z L2 IR E L, &R
D77 AFTUA, B, KOS U7 LIEEBE LWy, (BB, 77472 AD
REHZ DWW TIEER 6 & 6.3 HiCrdk)

Frva7u—(TUSD THERL, &L — M USD1=GEL3.1 &7,

ERFHICRLHE

With « Without 77— A D _LFeE A2 HEEH T 5720, LTOBYVREEIT- T,

With 77— ADHFEFEE L L THE 4 FA3EH TR LESFEZHAV, WAV a—1
WZOWTIE, 56 3 62 HiDFEA 7Y 2 — Wi » TERE LTz,

94T A3 EICIT DHEFHIHEW, TERED 1 km ETTH T2V OEIIEE &4 10.36
kWh/km, HFrHEDEMEE %L 5.15 kWhkm (K 50% D) & Lz, 7=, &
it 1%, TTC 76 DIFMICE-S X . GEL0.3/kWh Z V7=,

TTC oI/ e U i FEkOEIRE WA VT, 80 4y O AETTHERE
Z 2,399,510 ki/4f= L #ERH L7, T OHEEHE & FREOEIIHE BIRBEALA S With -
Without 77— A DZILEFUT DN T, 80 M5y DFRIOTEEENEH ZHET LT,
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e Without 77— R DK E 80 M DIEARCEIX, 2022 FF22 6 2029 4E TD 8 FFHIT,
B 10 W OEMET 5 ERE L, fERHE 1| mMogEEMHIX, TTC 12 X 5 E s
£#FIZLC, 0.26 |7 USD,/Hjfj L 3% 7E L7,

e Without 77— A & With 77— A D DB M RFH H Oy CHrelZiE & #i 2 Ui
ALBRWER) 1250 TE, 4 413 BTl L2 3 hHEORAE, KO 3
FHOMAE (A—N"—F—L) ICETLIHEMAZHE L, ERE 1IN0 03 5 H
B OMRAE M4 400 USD,/Hil (MEE GTe) | 3 FEFEOA— =K —LOEM %
20,000 USD,“Hijlj (MEIEETe) E%E LT, ZNHEHWT, 1| WH7= OFEM
WD 7R % 8,267 USD,/ Hifli /4 L% E L T2,

e Without 77— A DFHFHEISR D EHOEFT With ¥ — A L[E—& L, XHWART
V2= U OWNW TR, 2039 FITHIAZAERE L% E LTz,

o HTHELI ORI AL Z 40 45 L3R E L. With + Without &7 — AT, 2040 4=125%
fEMEZ 2 LR Lz,

522 SR

UEOBREDT, ¥vviarza—0gf&17T\, FIRR ZHEMH L7, WRIRTHY
FIRRIZ+1.0% (IEDfHE) &720 ARFEHEITLY 2028 £ CITHEMELITo 125G, 1Bk
BHOIEMSIEZITVHIE & OF X Hix 2 2039 42 £ CELE-IGA LI LT, EHIM
PRAREN BN H R & OREFHRER & 7o 72,

T2, R OMBHEEDIICB O TRED EFEAR 0 REWEAAR O, ¥ a—
T OauFHORBFEREEI D, AMEESZOMOKREDOT D AN THEEN D,
TTC Dk LWMBR IS EE AR, B O JEARECR% A BT K 2 18 MERr S PR F O #iiek
DREMHIIEmNEEZE X DL, ZOBKTH, HEEBENSCHEBERTEAOERICH G 55
W EHT 2 BICE T 2 BER TSN EEXOND,

¥, BESHTE LT, FrEOE AN 10%EMN L2546, FrEiEic L 5EHE RO
IS 40% & 72 > 72354 @ FIRR ZH#ist L7z, HEd A2 10%80 L7254 FIRR X
+0.6%, HrE# H A 10%H0 L B> )IEE O 40% & 72> 723556 @ FIRR 13+0.4%
L. IEDEL > TERY | 2028 HFE TICHHEFELIT O HE O MMEKIRE LT, BRI
TR BB AR & OHEFHHER L T2 o7z,
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£ 55: KBEODUBIWER

(HAZ @ 1,000 USD)

With-Project 77— A Without-Project 77— A E A
&£ i EL F—E A THHEE B Ay HEET B {RAT T EL Pt A Frvia
2 H # 2 H Lt H #H 2 2 H #H -
2022 2,406 2,600 2,406 2,600
2023 564 2,406 2,600 2,406 2,036
2024 2,030 2,406 2,600 2,406 570
2025 22,680 2,030 2,406 2,600 2,406 -22,110
2026 28,350 2,030 2,406 2,600 2,406 -27,780
2027 28,350 2,030 2,406 2,600 2,406 -27,780
2028 28,350 2,030 1,801 2,600 2,406 331 -26,844
2029 2,835 282 1,196 2,600 2,406 661 1,354
2030 2,835 282 1,196 2,406 661 -1,246
2031 1,196 2,406 661 1,871
2032 1,196 2,406 661 1,871
2033 1,196 2,406 661 1,871
2034 1,196 2,406 661 564 2,435
2035 1,196 2,406 661 2,030 3,901
2036 1,196 2,406 661 22,680 2,030 26,581
2037 1,196 2,406 661 28,350 2,030 32,251
2038 1,196 2,406 661 28,350 2,030 32,251
2039 1,196 1,801 331 28,350 2,030 31,315
2040 -79,380 1,196 1,196 0 -104,895 564 -24,951

FIRR = +1.0%

=

D A

5-6
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HeE BRREAESH. REXTDa1—IL, 774 ADIKRE

6.1  EHRERAES

6.1.1 HEXROMEZEAHZE

(1) SHAEAZOLE

BHMERSET 0 Y = 7 NEERT 51D RS E SN DREFEZ LTI

Tk EEHE TOEET ) SERERITEM I L > TR SR - T
TrzdRdT 5, fl, HTIHEEY, &2U6, REOLARTEH,

ZhiE, RER AL BT 3 SOBRENGR D, REHERE TR EIZa v s s b
V= 7Gm#kl$ FHOMEREITOE D, ALEME TR, METERSEERE . AL
THEh L, B, 'Bkhik, #REICETOIANLEZRD LS, 3z I
Tl TEHZ1T ),

EXEl - M TIHESE (YA - BV RHA)  FEAEFIT, MEOBEMIE-T, 7T
«/}\ZQZ}/Sl:i%%ODHEODVFéé%ngu+221}§§1_ﬁ‘%m AR, R, B, EBROIEEI DT

DAELENEENDILGER DD, B, 55, WFE., ElEDT AT A,
mﬁkmiﬁgﬁ %&éh FHAXEEVHRE E M TICE 2R, sHAERIL. o
BTtk Z AT D722, Fikima HHRICEIRL, v A7 A %®ﬂ#%ﬁfb g
LERERMT S, :l/ﬁ‘/l/&/l\ . HAEEFORE - TREE e, A, £
T DR L, MEICBE T %,

— RN T A s BV RIZ K B THAEREITRT,
® 6-1: —BHLGTHAL - ELFIE

TEHEAR ZEE
e T [y PR ==
15538 DB - BfE 155 2 e
H{E B DR B 5 S ax 15
B (RN, B OE “ﬁ%%
E&M DR E E&M F&{E¥H
Eﬁ@@%ﬁﬂ Hm

Hig : FAAE
TYA 2 BV RIE A brORHEgEOHI E&RM VAT AOGE TR bERA S

TWLEMNGFATH D, A7 V=7 FTHTHA 2 - BV FHRTERT 52 L 2 3ERE
T 5, AFRIC LD FMI R LB EFHL LTI T D,

6-1
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2 THAY - ELFRHBOERMLERN

FHA v+ B ROERRF LEFTERORIRT,

£ 6-2: THLAY » EIFRHORREER

R=HT

&pr

X0 OEE — REERAWITLCED S
ZENTED, FHAERIL. L 0RFENER
FEEBINL, ALV 2RI HZENT
=%

fiFED > b — L RATT D AR B D

BRI 2 S OFEFEMER S 5

i ENZ K D R DY AL — B 21T AL
fii® Employer’s Requirements & Performance
Specifications %

FHAETICL DG — S0 rEIchE
LY

WiENT, B Ak R DRI S % A
PEIIPE & REF 072 AFLOD 7200 0 7 i
Bl % LA B D

B bR R Tl 72 5 IE N AFLE O CFI A
WREICR D

MALFFAl — AP B L 23D, &
F & F RGBS 2 T %

AR DA ) RN— g DS

U A7 ROAHOEREIZSE S = A MO ARE
(EAR )

THRIND U A7 DM EIE, FFREEORE | MLEIZ, Z20nb LZan) 27 2 &40
IZEEND ERES D AEELND D
fii E~DEFEEIE AEECER RS 2 S B PR

Hig G

) THASY - EBILFRHOERE

THA L - BNV RRKICHY B HRMELE LT,
EBRELRNWZ LD D, ZOBE, il

OOEBEBNEINT 5,

A RER ORRGIIE LM 32 o0 A

FBREROBITITAWRAELT, BERFEDT-
ZoRBEIEX., AFLFFICH 225877 %5 Employer’s

Requirements & Performance Specifications 23 T2\ 2 & BAEL D Z ERZV,
AT =~ AR TH D L OHMANR D > TH . FEEITITNET I~ & LR

FES S A,

AHRAEBE OB BEITHIK DN DD Z LBREV, TIUIFEEEE D R R R

WaRtcx 2L WVWH TV A - BV ROREEZER S,
FOMORENETCHHE LT, ROLIREDONRH 5,

o ARG EHMILYE (Inappropriate qualification criteria)
o FHAEE DREVZKIBAMAARTE ITHER L T,
e Employer’s Requirements D143 72 & 3

o EEREN AT 4 —~ U ARKEEICE DT

o EA¥EICIANEEHOEX
o VAT LAt
o AT ABOEBENA TS

FEM 7R ZEYERRS 2 FRE T D

o V7 MU TBROEKAE (BEARTOR 143722588k, FRCHIEHIHE S 2T 5 TR

BED)
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o THA L BV FEKIOFEI L D BMES (TR a8 K an

4) TS - ELFOREORER

FROMEOSERKE L UL, BRBREERa P ALY U NEAVIOREHTH D,
Hhetea Py NI, NEABEH IO A EBRLTEY ., TFA v - B REHO
LETENLEERL, 7R AZ MU CHAEE LG XS,

o TVl MNEIEWICETTLHLOORGEE LB L 72 HiE Y72 Employer’s
Requirements # #E{i§i 3%,

o AKLATIZ Employer’s Requirements DR & LN %2 ThH D 2 L 2R T 5,

o AKLATIZ, N7 4=~ AXN—ZADOHEEOMENL LR T 5 (EHEATREECRE
Mz &)

o BIEIZERSINTE~ANA M—rEET, AFENT 0y =7 MR TR ERMT 2,

o MEZ. THA L BN RERKOBRBREFFOa YA Z S NEENT D,

o JuEDHHAKIT., BREZEHT DD ITRBREE R AM Z R,

o SEEDHMMIHREE R AT LMET —LE2GDHD,

o JEEDEHTIZHDIA LV H—7 = —AEFHTE L LEEERT D,

o JEENEAGREFTEH AT LEMN L, TREMEHT D,

o GHAEEN. BIEMA X —T = — AW OREEITRET 5 2 L 2 L,

o HANHICIDBITEMREICT OO, HEREREZATAT S,

o UVRZEREL, VAZ VIARY—ZRMMLL, TrT =7 bOTATF AT
VAR Z R U TR Lkt 5.

6.1.2 ®R=EHAFSA>

Va—UTE B 1% - oM, 54 TE, AKFREICEE T 5 E T X 23 i FURIT
(WB) | EHEMEI, 7 V7 B%RIT (ADB) . KA YEBEHET (KFW) | RRJNE B
BAFEERTT (EBRD) 2SRGE L7fHETRE 25, AU D ORI 12 BE T 5 1M
BRICBI G LT A %G, ARELZFEMTABICEA SN2 HERHLZ L, KT
O OFARE DN O E Rl B3 2 ERBRICE G L TV WnWGaA . 20 Offfkds KO
OO EFIEIL, ¥ a —UTEHBFOESICL > TOREAINIGERNH L L%
ALTW5,

EBRD HlifiE7n =7 ME, Ya—YT7OHA RT7A4 0 2HHLTE 5T, EBRD
DOHA RTAEHERA LTS, ZOFEIL, EBRD @ 2 BEREFHEHANICESWTiThbh
%, TTC IZ, EBRD [ZEHENTWAHa P Z L hEaHELTEY, a2 M,
TTC WERNCBA T HETIHZE B AZ/LTWDH, TCHIZZ rY =7 FOBEEET
b5,

PLbEmn, REETH, FEBSLMET H2HEABED TWDIRETA FT A 2
THZEERETD,
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6.1.3 THEEZHPE

FIDIC %, @RFERSCa I NLT 4 V7 EROEEEEREL L TEI b TWV5, Hif
D i T3 NEOTFHA L - BV RO FIDIC #5954 (FIDIC f = —7 v 7)
#%%éﬂéouT_HmcwmmBmkﬁoﬁﬁkbemmeBmkuowf%ﬁ%

ERAR

ATu—T7 v 7 GEREFICI > TEHFSNTER. LW T 7 07T v b RO

FRE AR, ROEETHEORNEM (1999 4F5 1 hR) . Ziud, EXKRO SUIER T Z
b OfRfE, RORETIT D=7 ) U ZEEOREE ETICHER IS, WAEEIT
fiEDBEMIHES T, 7T ROV XUTZE DM OVEZE 2GR ORI 5,

Vy R7 v 7 c BEICE S TEREFSNTEE, KPP =7 U v 7 LHEORENEMT
(1999 5 1 hR)  ZHiE, EEXTEORKRETHL T V=T kiofmﬁéﬁﬁ@
K, Iz =7V U JIEEICHIEIN D, FHAREZIL. ED» RIS TZREH

o TLHEEITHI, AL, LHFITIX, FHAEET VR LI/E %I%ﬁ@ihéﬁa#%éo

6.1.4  SRiE&H - 40&

AT, TTC 23249 % EBRD HFHE 7Y =7 FOFHRAZ S &IZ, LFTOLH 72
TuYxr bFERHEEIRET D,

Government Loan
and Negotiations International Financing
Ministry of Finance > Institution
A
Approyal Process 'Y
\4
Thilisi City Hall
Beneficiary A
Shareholder of TTC Thilisi Transport and
7Y Urban Development
Support in Execution Process| Reports Agency
\4 Beneficiary
Thilisi Transport Compan Reports |
Reports P pany
Consultants __Approvals Beneficiary
al
4
Preparation of tender documents Support in Execution Proce% Reports
and support in the implementation
process Reports
Approvals TTC
Monitoring Project Impl_em_entatlon
Approvals Commission
vy Feedback Notes 1, 2, 3
Contractor
Supply of rolling stock Liaison Status Repoerts & Meetingg

Notes: 1 Implementation of bid evaluation with support of consultants.
2 Preparations to sign a contract.
3 Receiving rolling stock after commissioning with the support of consultants.

L FAE
E 6-1: 7Oy FEEHEB

6-4



Ta—UTE - RV T EREmERE S E A

BELREE B D B

=] B Al R TuYxs NEEOHE
BURF M O 554 T A F R (VT AR

Thilisi City Hall (TCH) : ~ TCH %, TTC OFfE&ETH Y., 7uy = hOEEH
Thilisi Transport Company TTC (XA huDiEEE, 2227 vy =7 NOEBIIETEAHTLHE

(TTC) : i AES]
= I AV N T3 T #
A HL A - A

TTC OFMEX % X 4-35 12, SREEM OREEZ UL FIoRd, ShEHmMoE b HEIC
WETHEEMNREIND ERDNLN, FEICHENLETLIEETHOIMLEND D,

F: 6-3: TTC OEKELFADEE K

I ik 5 %%
Rail and Tunnel Constructions Department 353
Electric Mechanical Department 503
Electric Power Supply Department 239
United Workshops 98
Traffic Division 541
Depot Gldani 373
Depot Nadzaladevi 158
Metro Operation Department 76
Total 2,341

H# : TTC

6-5
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6.2 ERERAToa—IL
6.21 FEENDIDO—
ARFEOTEESE SIS OKD Y £ ToNE L F ORI R,

Planeed Period (Months)
12 10 6 15 41 24

Tentative Timeline
Project Implementation

Secure Project| | Selection of Basic Design, Procurementof | _|Detailed Design *1 I Té?:]iq:gfg;?:gn Defects Liability Period *5
Budget Consultants | ~ | Tender Documents Contractor Manufacturing/Assembly *2 [—’Han dover & Aoceptar;oe 13 Maintenance Period *6
Training *4
[ Tender Assisence 7 | | Supervision of Works *8 |

SR il
Notes:
*1: FIEOFEMRGHE, BRBRBE»S RBAURNICETT200E7 2,
#2: FIEORGE, Blik, 7 A b, R,
o EKBHIAH DD 26 EALNICA 72 &b 2RROFIFEZSER I LD LT 5,
LI 3] ®§|J$ FELE S, R AGE BTG H 0D 41 EA NI TE NS b D &35,
#3: SrHEERAIC K BARARER LNV OREMEMRT D720 OMAL L 722 2 5Fi# (independent safety
assessor (ISA))U)Eﬁ\ DL TH D,
*4: FHA¥EEICELD FIA = RFRCENEED FL—= 7,
*5: 2 AERI O P& FiE # R (defects liability period (DLP))23MEfE S5,
*6: 2 LEIR]DINARIE ] D 72 D D E ATl in & HFESL 3 Rk S h 5,
*7. AL7 mk 2RO,
*8: FEMARREE, BEMAANL T, TA N, BIEHEL, =i A, DLP OE L

B 62: Jnzy FOifh

6.22 BEEERTDa—I

FEEMAT Va— LB TNORT, ERIEHZILLTO®EY ThD,

E A 2022 %12 H
o HILBRE 10 » A
FEARFRGF . AFLEIEAERL 6 » AM
ay T —RE 15 % HIH
HE A OffG 2025 4= 8 A
PR 2025 48 H~2026 -7 H (12 » A M)
B AT - B - NI - 2025 -9 A4 ~2028 4 12 H (41 » A M)
B AR 2027 4 10 H~2028 /- 8 A
e PR GE R 24 » A
Tyl hET 2030 4 12 H



Yrar/Month 1(2022 2(2023 2024 2025 5 (2026 6 (2027 2028 2029 2030,

@
~
-~
fe<]
=1

A[;h\,r\tv 1:2:3:4:5:6:Ti8:0 inio|1:2:3:4:5:6:TiBi9i=inia( 1123 4:5:6:Ti8i0 = nio[1:2:3:4:5:8:T:Bi0 =inia|1i2i3i4i5:6:T:8:0ieinia|1i2:3:4:51617:B:9i=in0|1:2:314:5i6 7:8:i9:i=inis|1:2:3:4!5:6iTi8i9i=iniu[1:2:3:4:5i6i7:8

Pre-procurement

Secure project buget REIRIRT T ERI ST TR

Selection of a consultant i bl

Basic design & tender docs preparation tafaiei

Procurement of a contractor ERTRTRI NIRRT RY FERTRTIIRI TR

Procurement and Defect Liability Period

Detailed design wiairiabafaadidabadads

Manufacuring/Assembly - 1st delivery, NEREE O R R O

Testing, hanoover and acceptance 1/ riafais

Driver Training 2/ il 1

Independent Safety Assess 1 1 1 1 1 1|1

Manufacuring/Assembly - 2nd & subsequent deliveries RN ER T TR R TR RN ST ERERTRTRERERERTRY KERTRT AT ERERIR

Testing, hanoover and acceptance 1/ vl

Independent Safety Assess : ixE

Defeotliabi\itypenod IR L L R N R e TR IR L e TR E R TN TR NI R IR IR IR TR R

Maintenan(}epeﬁod FIERAE R S S R NI A N AR N AR RSN N

SUpeNiSiDnOfWUrkS3/ IR R R R L IR R R R R IR IR IR IR R R IR R I TR R R IR e IR I NI R IR IR ERE R IR R IR IR IR R R ER IR IR IR SR IR SR ER IR R LRI R ERERER IR IR IRER

Hih . A

T

U LFoiE#hzE&ET,
FA N bT v s — HEMIOE, REGRAEEEEE OB TRHHEES Z EAEE LY, 9 TRWESIE, TTC &/ LT, FEEEREREICARO — K E 235,
BAOR OB T A N — BRI, 7 A2 MIEERER OMfidk CEiE S, B RICETRYIRIND,

2 RIAR—« Fb—=27 — FHPIOFIHEOEEIZHEIZE D LI, RIAN—DIN—T% N—=2 7T H0END D,

3/ DLP TR BEEDBEH, MEOMR, AT OFH, KOREOBEEIT) OICKERERIIENTH D,

6-3: EEEBRTra—IL
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6.23 aAVYILE Y FEE

HEPRET D a P FEBDO TOR O E 2R OFIZRT,

® 64: AVYIILEY FEBOBE

Item Contents
1. Scope of | Time-Based Contract for rolling stock procurement under the design-build method.
Services Main role of the work supervisor is to conduct independent and professional
monitoring and checksof the quality, cost-efficiency and timeliness of the construction
works done by the Contractor up to the completion of the project. Main activities of
the work supervisor are as follows:
1) Prepare the Basic Design for the new Rolling Stock
2) Prepare the safety case for the new Rolling Stock and work with the Independent
Safety Assessor (ISA) to gain approval and acceptance by TTC of the new Rolling
Stock including liaison with the ISA
3) Manage the interfacing/integration of the new Rolling Stock into the existing
Thbilisi Metro
4)  Provide assistance in preparation of bidding and PQ documents
5) Provide assistance during the Bidding phase
6) Manage the design process - a) Manage schedule, b) Manage design document
submittals, ¢) Review design documents and make comments, d) Track the close-
out of review comments, ¢) Manage the Safety Case, f) Manage the interfaces and
integration
7) Provide assistance/supervision services during construction (manufacture,
assembly and delivery) of the new Rolling Stock - a) Review construction
schedule and manage it, b) Progress reporting, ¢) Quality reviews and audits, d)
Factory inspection and oversight to ensure build quality
8) Provide assistance during the testing of the new Rolling Stock - a) Review the test
plan, b) Review test procedures and test reports, ¢) Define systems integration
tests, d) Oversee systems testing
9) Manage driver training for the new Rolling Stock
10) Provide assistance during the handover and acceptance of the new Rolling Stock -
a) Define and manage the handover process, b) Prepare handover/acceptance
criteria, ¢) Prepare and manage handover/acceptance certification, d) Manage
readiness reviews
11) Review as-built drawings, issue comments and oversee close-out of comments
12) Provide assistance during the defects liability period - a) Defect reporting, b)
Oversight of spares management, ¢) Oversight of failure/issues management -
response and rectification of failures, d) Failure trend analysis
13) Provide O&M training
14) Provide technology transfer
2. Expected | Basic design and tender documentation — 6 months
Schedule | Assistance in tender — 15 months

Construction supervision (incl. testing, commissioning, and handover) — 41 months
Defects liability period — 24 months
Refer to the 6.2.2 Project Implementation Schedule

3. Expertise
Required

Total number of staff and person-month:
International - 13 experts with 230 person-month
Local — 10 experts with 203 person-month
International Experts

Team Leader (RS Electrical) Contract Expert
Interface Manager Systems Assurance Manager
Requirements Manager RS (Mechanical)

RS Testing & Commissioning Expert 1 Factory QA Inspector 1

6-8
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Item Contents
Traction Power Supply Expert 1 Signalling and Communications 1
Depot/Workshop Expert 1 O&M Expert
Local Experts
Deputy Team Leader (RS Electrical)  Assistant Interface Specialist
RS (Mechanical) RS Testing and Commissioning Expert 2
Factory QA Inspector 2 Traction Power Supply Expert 2
Signalling and Communications 2 Depot/Workshop Expert 2
Document Controller Safety and Health Expert
4. Reporting | Basic Design and Tender Documentation
*  Design definition report, presenting the design criteria and standards.
*  Draft outline design report, presenting detailed engineering design.
*  Final design report including cost estimate, bid plan, pre-qualification and
technical evaluation criteria and bidding documents.
Tender Assistance
*  Pre-qualification evaluation report
*  Technical evaluation report
*  Tender evaluation report
Supervision Services
*  Inception report
*  Monthly progress report
*  Project completion report
*  Rolling Stock Operations training report
Factory inspection/testing report
*  Quality inspection reports
*  Defect identification and resolution report
*  Defects Reporting & Corrective Actions (DRACAS)
Interfacing, Integration and Handover & Acceptance
*  Periodic Integration Status Reports
*  Review of As-built drawings
*  Final Integration Test Report
* Handover & Acceptance Report
ML - BRAR ]

6.2.4 JRITRLFHEE - (Independent Safety Assessor (ISA))

TTC O#ft&El [The Requirements for General Specification of Metro Cars] 7%, /~9 &L 9 (2
PoE oG, B, XIXEMEY (TTC) &I1EBIIC Independent Safety Assessor (ISA) 23T
MENDNETH D, WAL LT, HEOZEEEN O MRICET >0 Th
. FTLWE EGEH, LUHERFE R (0&M) FHiElX, 26 OREFEFIZHER L TV D
ZLEEENT D, OFEV. ISA OEMEIE. BFET L2 TOHMN, KM Eofakis

KARRRRBEE CHRMINTNDLZLEMRTHI L ThH D,

PUTITRT ISA OEGWE AL, o7 =7 FORBREERORA ST 75 4 2|2
ESWTIRET D, THE, EROXRRANT T 77 4 ATIE, Bl ENLEa 7T A
T ADFMICEM TEEERA ) RE TRV ERNHB L TWS, ZOEBKIT ISA 1ITF
DU THXLIENRHY . LUTFOEBHRF ISA & OBKTHIEL 72 5 B2 LD TH D,

1) Perform the independent safety assessment of the new Rolling Stock evaluating the

Rolling Stock supplier's conformity to EN50126




Ta—UTE - RV T EREmERE S E A

2) Prepare and submit an Independent Safety Assessment Plan

3) Conduct periodic safety assessments throughout the design, manufacture/assembly,
testing, handover & acceptance phases of the project

4)  Conduct periodic Safety Assessment audits

5) Evaluate the Rolling Stock supplier's Quality Management System

6) Evaluate the competency of the Rolling Stock supplier's staff and organization

7) Evaluate the Rolling Stock supplier's Change Management System for evidence of use
and application

8) Review specifications, drawings, schedules, plans, reports, and other Safety Case
documentation as required to establish an independent assessment

9) Review Hazard ldentification documents including the PHA, IHA, OSHA and SSHA

10) Review and assess the Hazard Log, risk assessments, risk mitigations and other
safeguards

11) Review the assignments and calculation of Tolerable Hazard Rates (for safety-related
hazards)

12) Review and assess the identification, apportionment, and management of safety-related
requirements

13) Review SIL allocation and apportionment

14) Evaluate the verification and validation of safety-related requirements

15) Review RAM analysis, failure analysis and methods

16) Review the Safety Case documentation

17) Prepare and submit ISA audit reports

18) Prepare and submit monthly ISA reports

19) Prepare an interim Independent Safety Assessment Report at the completion of the
Design Phase

20) Prepare an interim Independent Safety Assessment Report prior to delivery of the first 2
trains

21) Prepare an interim Independent Safety Assessment Report prior to handover of the first
2 trains

22) Prepare a final Independent Safety Assessment Report following handover of the last
train

6.3 2742 ADEE

6.3.1 BEMA T ay

AFEET, ERLZBEICHANTREAMOIRWALLZE Y AT AOWRBEICEETHZ LI
Mz, BB nE MAMEICEN D RS E AW CEmA2HREZET 22 ik, 1ED
B ADHEHHNEA~DEEN 2 BERN G EIND, ZOEKRT, EHtosnwy 7 ho—
VEE BN S DA R R D T 7 A F U A BSOS AREMIIE W EEZ DD,
BIERR AT a v ple LTFREND D,

6-10



Ta—UTE - RV T EREmERE S E A

o MEU UEHACEICKTT AR A TFEEM L TV 5 EBRD, ADB Z4ah &3 5 [EH
BRBAFE B RERE > & O R E

o HARDAH T XN K OMAMECEN TR OFA DA REME 2 &FHICE W 2, HAD
KA X — L DIEH

o T Ofthd [EFEBERI b DORE

KA DR R 2 AT, TCH » TTC (2 XV ARFRED T M 7o it M Thd, 740520
DLEE L OFSFRAH SN HE, ¥ a — YT HREUFICET 254 (Ministry of Finance)
Ok - Freny3E R4 (Ministry of Economy and Sustainable Development) %5 & DO ARSI D
ERAR D B M TN D LD L HMEL TN D, ZOBIC, B&Y —ADF T 3 1lo
WTH BRI RTINSO ZENEETH D,

6.3.2 HADXEAF—ALA

ARFEITHT DEENR A ARDIEA X — L L LT, HARBUFA 100%HE 3 25 Bk 4l

BB T H RS AL EER W I ER1T (UBIC) (2 X Bl 4&al. & OVH A O BN B 2B
(ODA) O FEESufERE T o 2 MM NAATBUE NEER# 1t QICA) 233 L T\ 2 F{EE
&7 (ML) oo, 7220, MERKICOW TR, BEFESGE T AT Lo Bl BT
HEERETDHRE~OMMERIEGEOEBFREND, AFEOEEY — 24T ar LT
W DPENEIAREREF 25, ZO8, KORFAERBLENC Y a — 2 7 IR 2
JBIC BEIZELARLTWZ EA2BEL, —flE LT, BIC DofamofzE, KO
JBIC fi &t 2 18E L7 iRE S v v v 2 7 u—0RE 2 LU TFITRT,

(1) JBIC EiHiER

ERS 1 16R1T (UBIC) (2 L AHaH&mit, BARMIES B RBUHIE NS OB - 5210108
WO - B2 RE LIZME T, "M Y —X 7L Yy b (BIC) Wi 7
— (BIL) A, SEOEAE IIeMERE%EICK L CEEME Sh A2 HATH D, T
P42 IBIC Hi tH R D A ¥ — L&~ T, BELEPMAZEOBEE AT —X - 7L Ty b,
GRS DR G 2N m— 2 LIRS, IBIC [TlE ., — MR DA REEE & R L TR
BEEMET D,

A (8/1)
(2);”&@3@&% — > SAEOSRENS
JBIC
1mﬁ
P B (BAC) -
I BEOEHE ST B HNEOBAZ

B/IC (RS Y —X 7 LT ) : SEOEAE ST DRE0E
B/L (X7 m—)  SEOLEFEERS KT D EE
HL - JIBIC TEERW IERITO%E & e | AR

B 6-4: JBICICKH@HERMA X —L
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G5!

H 4 O BE 251813, OECD AHIEIHEH T LA |

(CHEEDERESND, TE

WZE R FMEZ2RT,
% 6-5: IBIC RO ELEH
HH ESLE
i 1 A3 AARMRZE, HARBHEA
g (BHERMOLGE) WELEENSE (7 @ JBIC OFHIZHEES<)
BENATSLE s 2 A MRFORIK 15% %84 L LTXH D,
TNy ® = x (AAR-F-EHIZELDpEM - V—ER)
ha A NREEDRK 85%F TOXHE
® u—JNaxb (BHTHESNDEM - V—E )
B TAF OECD EHLUSFTid, W5k = A MREHDO R K 50% %
TOXHE
[N MLt omE Ck R, 2—e%) 2L 2866 EE
8 1 FEEICHERD,
BRI (BE R 03 | @t OECD ELIANCIE, &R 14 4 (7 : OECD AR H(E
A) HA7veovry b -t s ¥ —THRCHES)
R AR, JUARY)EIR
RlEEIA JBIC OFEEIGIL 6 FIfLE
&R : IBIC %y CIRR (i &HEYESF]) + OECD V 227 FL I T A
® 2021 4F 12 H 15 H~2022 41 14 HET® CIRR DO :
- B[
SELN | SHEB~8S5ELN | 8.5 FEH~
A A 0.88% 0.91% 0.94%
¥ Rov 1.82% 2.20% 2.45%
a—n 0.28% 0.43% 0.58%
Hi - JBIC 7 = 74 kb (2021 4 12 A KIZE M)
® OECD U A7 7L 7 AlX OECD AMmHEHRT LY
A MIESWTEREEND,

7 : CIRR = Commercial Interest Reference Rate
Hill : JBIC 7 =71 ., OECD AREaH{EMA T 1 ¥ A+ (OECD Arrangement on Officially Supported
Export Credits) % F&(ZFi & 1ER

6-12



Ta—UTE - RV T EREmERE S E A

(2 EBEXvva1T70—-0HERE

FE O IBICHHAMOLMEE25EZIC LoD, FEOLMBZELITV., BiHSEEHE L
THADEEX Y v a7n—0OREE{ToT-, MEBIIAFEOEEE LS5, 120
R ERE LT, REIGREX v vy a7 —0OREREE =T,

% 6-6: MHEMEBREL-EREX+ v 2 70—-DREICHAWV=&4

HH i HH Ak O TR E S
Y Ag el 120 &M
> 3.0%
EE A H] 14 4 (11 F-55) %51 5)
el 3 4R
I=XRGIE=' 4[5 (FEBRAAT: KL 0 BB O 25% 7T 2 & £44- TEA)
Ht - AR K AR E

S
2 |

e

PriE I DA O RS SFAITFEH 11~ 14 B THh 0 | FEFICRE RMEAEMIZIER B0
HLOEBEZBND, £, WSRO K E eFEIE, BARMBIES B RBUHIE N OB -
BRAFCHEIMTFE O - BB ARG L LIZE TH Y |, OO DO ANLB LI E ST,
FENRIRIATWVED R TH D, D, BF AL EZ R OVFEN O E TRIRED A 2

YL E OFECRIRE O R WEIZ L D,

1,600
1,400
1,200
g 1,000
IR 800
T 600
400
200 I
o m 1
1 2 3 4 5 6 7 8 10 11 12 13 14
-3

M 65: MHEMZEBEELALBEFEF v 27 0—DHERR
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FTE REUEDR - REASHORCEF

7.1 BiEttSmICH T H/RHHT
711 K&H

7u Yoy NERIHIRICIS T D KRERIGYRE & LC, sk kW8 (PM10, PM25) |
I (03) . EEbEFE (NOy) . _RytBy (NgOs) ZRLT-HDOTH S, HEAEA
kLEZOLND, PMI0 & TEMEEFR(NO)ICIE, ENEEOKEE LB -EAR LD,
NEU UHESTREICIB W T, BEEFTA I IMEICH 0 . HEAE RIS % S HIENT
HZENTHENTEY, RRETELT D AEEND D,

£ 7-1 FEYSHOBRENFRMEDRR (2018-2020)

Pollutants PM10 PM2.5
(mg/m3) (mg/m3)

Location of the 2018 2019 2020 2018 2019 2020
Monitoring Station
Akaki Tsereteli Avenue 105 51 49 39 23 24 20
Al. Kazbegi Avenue, near 42 37 33 17 17 16
red park
Varketili 3, I Micro, nearby 38 39 33 19 20 17
the Building Ne2
Marshal Gelovani Avenue 6 36 35 - 17 19 -
*D. Agmashenebeli Avenue - - 41 - - 22
73a “Ilia’s Park”
Georgian standard 40 25
WHO standard* 25 10
i . ey o

7t : WHO Air quality guideline 2005, Guidance Value

FENORKEIZE L TiL, TSREOIRE S b oL Tyl 72 28 KB R 4 ik
H120IT, ZERRIE I FRE SN TV D, 2017 D FS LR — kPre-Feasibility Study for Thilisi
Metro Upgrade™iZ &k 5 &, Zh 6 D2 %, 57 B OS2 F 2 TV DA, fok 11
BOfE (0 20%) NHEEL TR, HIEL T RWIREETH 5%, BN TREE OB
PiTbNB 6T, ZORMBERH TSRO RKQEIZGZ 22T AHATHY | HTFEEROB
EORKENRKRLDEEREEIZHEE L TR0 E 0T LHTE TE 20y, ERZRMEZ K
T RREMENA D D, ZOREOMID- DI, ADB m— Tranche 5 Rehabilitation and
Improvement of Thilisi Metro T FFR# 5 OE A LHAITHIL TN D,

% Pre-Feasibility Study for Tbilisi Metro Upgrade, Final Report, November 2017
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E“E“

HAL (Mcg/m?)

= .
H .

Ground-level ozone (03)

K72 FEYSTHORADKER (XYY, ZRIEER, RUEY)

FEFITEW, o BEF, 38 P, BEr 7 By, R IERITEN

(2020)

Margin mcg / m3 0-80 - 120-180 @ 180-240 -
Nitrogen dioxide (NOZ2)
e 026 [HET s075 75200 [
Benzene (C6H6)
T o2 557 57 70 N
N Address 02 03 C6H6
I il Jil} v Average annual 1 I m Y Average annual 1 il m | ‘ Average annual
1 Thilisi, Rustaveli Avenue 6 109.12 84.91 80.95 76.03 87175
2 Thilisi, Melikishvili Avenue N2 86.32 64.70 5893 65.83 £8.95 1.9 16 20 218
3 Thilisi, Ushangi Chkheidze Str. N3 5034 4506
4 Thilisi, loans Petritsi Str 4281 4197
5 Thilisi, Tianeti Highway N29 439 HeT
5} Thilisi, Tsothe Dadiani Strh 275 7353 62.12 63.49 5456
7 Thilisi, Tsersteli Avenue N 60 78.30 68.61 64.09 56.31 2.0 1.9 258
3 Thilisi, Akashidze StrN 27 7492 53.62 68011
9 Thilisi, Pekini Avenue N 21 £9.67 6053 53.52 51.32
10 |Thilisi, Ketevan Tsamebuli Avenue M 80 97.23 78.53 80.01 75.22 275
" Thilisi, Varkstili, Javakheti Str. NG 86.13 6729 66.31 7324 e 1.9 258
12 Thilisi, Qizilki StrN 13 484 X 40.35
13 |Thilisi, Digomi Park 2437 25.91
14 Thilisi, Lisi Lake 9.74 14.00 39.20 64,95
15 Thilisi, Veteran Park
16 Thilisi, Zoo
17 Thilisi, Dedasna Park
18 Thilisi, 9 April Park
19 Thilisi, Komarov & chaal
20 Thilisi, Gldani Park 8316
21 Thilisi Adiacent to Trnity Church
22 Thilisi, Mushtaidi Park
23 |Thilisi, Krtsanisi Park
24 |Thilisi, Didi Digormi, Public School MN186
25 Thilisi, Navtlugi, Sergl Tsuladze Str.
26 Thilisi, Turtle Laks 66.34 101.93
27 Botanical Garden 1078
. ey o
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712 BE - IEB

FEU UHITIERIE, WL OO FERER EEE TS b U RV EFRWDT, BB DR
WEFTIZ®H D . 2 OEITICERN T 25 -CRENT, BT 2 g A~ ICEE %2 5. 2
2 BT WY R EGEE RN, T ERE BRI R OM, AR ER G R
O OIERNOERB I WELIZOE TOEFIFRHSI N T RN E LTNDH%E,

oL, WREkT 27 AN 17025 FEHEITIH - TEZERE 2 IS L TW 0P8R, B
WY D 0 2 EEEEPICIT o T D, HITFEROSIENOBIEORE LU, L
B B (CHELE S L A Il T DA @ )N EFES,

REYORE X, HFEBR L OSEAET 2D b RV Ol 5 THEIC 1 BIEE SN D, H EIRE)
X EDOFETHHE STV, 7272, HiFEk Delisi BR (e HIEWVED) ORI TIE,
FHIE SN TEY, ZNETOLE ZAEMIERI N TR, BFORIEIL, Bt
E[DOF T, 4FIZ LA, HFEBRE ONERE T2 b > RV O CEE ST 5%,

713 HERER
(1) HhigOBE

bEY o FHRIA TR, B L 7 L— v ARG < % 55 [ ARBREE N
BCHD (707 FHFESR) | S T 0D ORI TR < | T U 7 % 0
5, HEORMIT L eV SHAM, FEOIMIC b e Y SENARNSEN S,

(20 rEUYE (FEYIREKM)

MY U (Thilisi Sea) (%, & & 8.75km, & 2.85 km @ 1953 FlZA4—7" > L7z A Hi#f
ThDH, KEIZ3E800 7 md, I RKIEEIL 45m, FHIREIL 26.6m TH D, ITHE, I v
N7 BRNDT =T 4y RR AR 72 E O AR — Y gk OBt AR > b A B
L. "V VHEDODANGDL 7 ) o—2 g ARy hERoTnD, Fio, /INEDPITEL
THEY, BIFR2sBAR Yy EER L TWD, BT OKREREREZIR L TNDHT8,
HOHREOERBEWIIR SN, EEAMOEEHF BRI,

3 +FEYEIAE

B 7-1 TRk oIz, FEAEDO Akhmeteli BR2>5 4.4 km (2 b B S ENLARSLE L
TWa, RAEIE. 2007412 H3A, Ya—Y7EESE [hey CESARICET Y
5 = V7B SR THIE S, S ORIBICIURY A B RO & B RO RS,
Ky & RBOSHIEORE, LERRE, L7 Y mos 2 Y ORE, PREO b S
AR E AR O Y — Y XL BEHAETEB AT 5 2 L 2 BEICIBIT T 2,
FIBLD e i3S 3 — 27 EEEHEO AN LS < BT L AW SO R #2522
— U7 E R LI EBRSEKIC B BB LTV D,

27 Pre-Feasibility Study for Tbilisi Metro Upgrade, Final Report, November 2017
28 Pre-Feasibility Study for Tbilisi Metro Upgrade, Final Report, November 2017
29 Pre-Feasibility Study for Tbilisi Metro Upgrade, Final Report, November 2017
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- v
——
HiBL : Google map & 0 7ERE

B 7-1: FEYSEIAEMSILHED Akhmeteli BRE TOREEE

e U VENIARIE, 2= Y RO EERRBROEREOY 7T - BARE | WEE
600~1766m DOFHEIZNLE L [Mtkvari] JII2>5 [Tolora) JIIE TOKRE ETe, HIGIZ
30km. FALIC 14km % 5 ® HRREM T 21,031 ~27 % —/L (210.3km?) DJEKRZRHHIT, [
NEDOFBATIL LY ~ZHNIZH D, 7-2 1%, ENAROBMEEZRLIZLDOTHD, JA
KRigHhzFoONRTH 570, pEMAEXIEE OF) . #HERKIL (F) . {=FioF Xk
(k%) . RSB () tWHr Loy —rB5ida LTEBEZIT> TS, AT,
BRE (Er 7)) BEEGHE (FH) REbEHIhTnwa,
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ok s w

ssoen
!
b

o T .

Hi8t : Municipal Development

7-2: FEY VEILAROME

FRICERT DA 2 1T, WRIC L > TRARDEM AR, MEk 600m £ THEY 2 =/3—,
T —=UT Ty ZOMDEATH D, L 600m /5 1000m F THEIEBO T TR oI R
DFEMBRE, A—2r, a7 =T, TR ENRETH S, W 1000m 55 1600m Tidk,
TR OZRMNREE, T, AT ICREEND,

eV Ui Y AZHIC S E Y VENARBFET D 2 LT MEEOBEIZEEL Ty
HEMSEEORE, WY 2 =T EHORET Y 7 ORH#E - 0 - (REVBAREE 72D |
FEAERO LV 7 ) 2—2 g U ROBEEEHO N LI >TWD, 612, MEY VEN
NEE, KI—a v ROBAEEYOERETHL Y a — VT EHOBNAREETHY, £
REFHIEIER 2/ L CRIE O oREMBICHER S, i—Snlexy NI —2 2Bk T 2,

ANEITAESHNECH SN TR Y, 250 o SHE, 24 FOWILIE, 14 FoMEhE, L
FRNAERLTWD, F£o, ENAROMMIL, BB AOTDOKRHIL 688 FA R I
TEY., ZNHOWNRIE, K-27 fE, KAKR-76 FE, AANEY-103 i, £4-4:-381 Fli, [RFEE
45 fifi, —HFE-159 fli, Z DO 581 FiTH 5,

# 7-3 IFFAENARICART A2WAB L BHA R LD TH D, BETIE, IUCN T
NT Ghfaffl) ° LC (Kfalfl) NE ALNDHE 7T-4 [RTHAETIE, Ya—v7
ENSFIC L2 EHEMES 3 AR L TWD, FFET, #H TSRO EMALH TH Y H L ~D
AT SNV, KFEETE, TEMHCLT7 78 REK, H) 7, @y 7
LEOFATEX RN, FEIC K DRBEX SO TR S 20,
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K 7-3: FEYUVEIALBETRONASTLEE

No. | H (Order) Bt (family) | L4 PR $GIVA ¥ 3 — ¥ | IUCN
TEDE |
1 ACCIPITRIFORMES | Accipitridae | Milvus milvus | Red Kite Cas NT
2 GRUIFORMES Rallidae Crex crex Corncrake BB, M LC
3 PASSERIFORMES Sittidae Sitta krueperi | Kriiper's Nuthatch | YR-R LC
4 FALCONIFORMES Falconidae Falco Common Kestrel YR-R, M LC
tinnunculus
5 ACCIPITRIFORMES | Accipitridae | Aquila Golden Eagle YR-R LC
chrysaetos
6 ACCIPITRIFORMES | Accipitridae | Gypaetus Bearded Vulture YR-R NT
barbatus (Lammergeier)
7 ACCIPITRIFORMES | Accipitridae | Buteo rufinus | Long-legged YR-R,M LC
Buzzard
8 ACCIPITRIFORMES Accipitridae Circus Hen (or Northern) | WV, M LC
cyaneus Harrier
9 FALCONIFORMES Falconidae Falco Lanner Falcon YR-R, M LC
biarmicus
Hih A
it : NT Near threatened iTf&EfE, LC Least Concern /iR
& 74: FfEVVENABETRONSELEEE (WELHE)
No. | Zfn L4 Fr i <co | Yva—YT7TEHL Y R |IUCN
HEME U NG 53 ¥
1 Deer Cervus elaphus 2L CR G AR LC
T T Linnaeus B fex Bl
2 lynx Lynx lynx 2L CR s E A LC
FAY~xa Linnaeus B fex Rt
3 Brown Bear Ursus arctos 2L CR i LR LC
2—7 7 & /< | Linnaeus B fen B
HI# S
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714 KB

Ta—UTEHIIKEENEERETHD, 1 AM7Z0 KEFRBFREIT, 9—avXTH
B THY, 15821.0 m¥ A -+ 4 (2018) L7 oTNDHN, ik, AR 7,254 m A -
£(2019) & il LT H KiEIZ R & 103,

FEY Ui REKRORIUZ, VaﬂVTI%ﬁ%¥%’iéyaﬂ97l*ﬁE%
(2014-2017) IR ENTWND%2, HETHREY YHNIC . HEEZEIC BT D
Kura)Il. VereJIl. DighmulaJl|OdR%E R CTHD &, _%LE)O)JIIT . BREMICED TS
YU NUNEREHIEL, KEOBE(ZRL T o7 HEHE (NHS) OB RPREE 25
TV, FlxiX, ¥va—Y7ENEICE 2B KFFARE 0.390mg/l 125t L, Vere JII Tk 4.7
f#%. Dighmula )1 Ci% 2.4 %, Vakhushti f5¥1< @ Kura JI[ TlX 205 L 72> T8O, TTNTO
FEICBWTE, KEORWICHDEETLAIVLEND D, 727751, SRIOFEXAI—TFT
m\%@méwwmix:—7ﬂf&@ KE DB EIX TR E 70,

kB U D /KIE T Georgian Water and Power (GWP) (2 & - T - it s ihvd, GWP
Y a—UTEEM AT RAOKETHOHPERNREETHY, FEUTHE LYK
MOFERET TR, ITEGRM, FEHE, MEICKEZRMIEL TWD, GWPIZLD L, #EK
1% 53 DX RYEINE > THREI I, JEWEOT = v 7%, EOHHNT X 2R & Bk 2
G2 FIEICL 2 DOTH D, i&hk@ﬁ%%giﬁmﬁﬂ%6%iL$ﬂ@ﬁ@
MEMETHY | HLLERIN TS, TOMOMRWEIL, AREIIZFRS—AT
DHBREIND, FREIZLD ERNGMEITE T, RRKFRBEE XY HRIBIZELS 72> T
W5, KEIX, ANOOREDTZDIZERDIEAKE Y hT—27 THZ THRAE I TWVEHE,

FEUTHIFEEOETOERE ZOMBIA > 7 Z1%, HiOoHRRYEKS 2T MR ST
Wh, BIfE, BB 1 L5 2 OBEERICET 2 EMEET Y 7 BRAT D FEKICHEN A
¥ (el

Saburtalo 7 1 £ 1 HITD 72 < & b 20DFHE » MIY—E X Z$Z{k3 % [Nadzaladevi|
(FEPR R L) OFEPEEF=Y 7iX, 1 BIZKIK 4 FroKEFERT 5, doKkid, e=
U7 ORICKE SNTERKGNP ORI END, R 7 OEEEIZLD &, RULBELDPE
K GBYLEEAE W ATREMEA =) 1 Mitkvari I EEEE S5, RtiE. Gldani-Varketili
TA T —E A& 2495 [Gldani) CEmEHLE2) THIZIEFA L TH D,

ZORAIZHN T, HElFEH T, 1 HIC6 I 7HEO® v MRS, ZofkEx
UTE, HEAEEEZN L CHROYEK Y AT ACERE 12~14 - OiEKEHEHT 5,
ELLOWHT ) 7 TH KO £ 7213 RN EIT T O TR 5T, BEAKDRKS
DB, Ko TEIEDOFIATIL, KEBHROBREITESNEEZEZXBND, FrICHEAZ

DL, BEADS Mtkvari JI[12 %ﬁkﬁéhéﬁﬁ%ﬂﬁ#l@#ﬂﬂ?%é FFRAIIZIRR & 1M
MABBERN SN D K 51T, RANCITER 2 55% 5 L CRRiE T 2 LENRD HILDH D,
EBRD = — > Tranche 2 for rehabilitation of a depot and tunnel THL{l ZEHI DL TOILS &

30 https://knoema.com/atlas/Georgia/topics/Water/Total-Renewable-Water-Resources/Renewable-water-resources-per
-capita

3L FAO ([EhdEfrkafeser%B) [AQUASTAT) 2019 4=

32 National Report on State of Environment of Georgia 2014-2017

33 Georgian Water and Power 2021

34 Pre-Feasibility Study for Tbilisi Metro Upgrade, Final Report, November 2017
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oy

l%,\\éﬂéo

715 BEWD

TRIIMEY VHOFRER - RFEEDEORNE L LD EOTHDH, FEY Ui Tk
2014 75 2019 4F F TR R —IXBEEEY & X MMEM I H 5 H D D 2020 F-12Jib & 72
Sl Tl AU OEMBAEEEZRD & 2018FEE2E— 712D LTS, — A%
—H¥4E (g/ANH) THDE 2020 4% 899.7g/ A H. 2021 4% 917.1 g/ N H  (FHIE)
T, HARE (4£FE0918g/ ANH., HAUEL 8779/ N H, 2019 4F) EIZIZFRIAKHEL 72> T D,

& 75: FEVLHOREME (2014-2021)

2014 2015 2016 2017 2018 2019 2020 2021
I

EREEDE (FY) 368.7 360.4 380.3 397.5 416.7 411.7 379.1 392.3

FEYCHOAA 1071.2 | 1085.6 | 1101.7 | 1115.1 | 1128.4 | 1140.7 | 1154.3 1172.0

(FN)

— AN%7=0 M (kg) 344.2 331.9 345.2 356.5 369.3 360.9 328.4 334.7

— N4 —H (g 943.1 909.4 | 9458 | 976.6 | 1011.7 | 9889 | 899.7 917.1

%H} : Thilservice group Ltd./ https://www.geostat.ge/en/modules/categories/93/regional-statistics
FF o BEEMMEIL 2021 4F 1 A~11 A TOFERE (359.6 b)) & 12 WA THEEL TITo72b 0, A
11 geostat DA,

AREHEIL, HEEFHEETH Y HEFOBEFEWGEIIA T —THDH, THEHOFEIRE
BOFRAEITE Z I W, T2, fHAFICBWTH, IRESCHEGHEAMOERIIFEA—T
SO, BEEMOIFRAEITE ZIT N,

716  X{bEWR

FEU IR, FE U BRI A UNESCO OIARSHLEFE L L CHFEET D, bEY
UHCIEY a =T EOHTEE S LT, ifLicb bl o TONEOREZ ST C& /-l
BREWT R L BRI Y a — U7 [EHEFA OEJFE~OBITER) 72 85 & i E R O i
RECHEEAD D, ERERELT, 3=y RET VT ORERIIHDHY a—V T OHh
B 2o RSN Y . IR 15 IChb o TEH THV HiT T\ b E
U NZBIN B A 5 2 TE %,

Y OB X, FERM O B RACER S - fmifgE, 19 o @i e, B X
O [ 25—V VR O E & HIT, floctk 6 HALORBE AR RARIC &M 5K b
DTHDHE, BRI OEROFENRERZTHL NV a=—LHEL, e VO
FREOBMTHD, 20 [F—TEF tvwbitd bV T V) BT ML, FEEL
sSba=— L@l L ORERNHI T, RE LU LW W RBEMEICER STV D,
IO OB, BROET T2 THOEEZ S T TE LT, HlEHFOALDART 1y
=7 MZED2ADEETE 21TV,

35 UNESCO World Heritage Centre 2021
% 5 |
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Hi#l : Pre-Feasibility Study for Tbilisi Metro Upgrade, Final Report, November 2017

7-3: BVERKREZTDEZRTHTHROTF 1 >

717  EHAA

TRIT IV O EHAHAORRTH D, RSV L—a CHMIEEOES 2k
DL ERBEZR>TND, ARBRENENRTY T THDLZ LRI PN A D,

& 7-6: FEYTHOLMAA

SENT Y EfE (km?) #HE (%)
R T AT Hl 55.01 20.70%
5 15.39 3.07%
FUYN 124.46 24.79%
L 0.44 0.09%
Brrzy)o—y g 122.46 24.39%
TR A1 1 X 17.53 3.49%
BT 22.74 4.53%
R 29.39 5.85%
oY I TPES 32.02 6.38%
TS FH 1 15.56 3.02%
Z DA 19.01 3.69%
a1 HF 454.01 96.31%

Hil . ey o

37 Pre-Feasibility Study for Tbilisi Metro Upgrade, Final Report, November 2017
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1.4.1

INTRODUCTION

General

This Interface Control Document (ICD) is prepared under the technical scope of the
Feasibility Study for the procurement of new Rolling Stock for Thilisi Metro. This
document has been developed early in the project lifecycle, as part of the Feasibility
Study works, to ensure that all interfaces are identified and documented so that they can

be managed as soon as the Design Phase commences.

The ICD is a ‘living’ document that is to be updated throughout the project lifecycle until

handover and acceptance by TTC of the new Rolling Stock.

The purpose of this DRAFT version of the ICD is to identify interfaces and based on data
obtained during the Feasibility Study and document relevant interface information/data
that is to be exchanged between the interfacing parties. Subsequent updates of this ICD
will increase the level of interface detail, define a schedule for exchange of interface
information and include Sign-off sheets that record each interface parties agreement to

exchange the defined interface details, define the interfaces and test/verify them.

To simplify the ICD at this Feasibility Study project phase, this document includes
interfaces between the new Rolling Stock and ALL other interfacing parties. Once design
commences, and the level of interfacing detail increases, it may be necessary to create

individual ICDs between each interface pair and thus creating several individual ICDS.

Rolling Stock Contractor (Lead)

This ICD assumes that the supplier of the new Rolling Stock is the ‘Lead’ interfacing party.
The assignment of the Lead role, requires the Rolling Stock supplier to be responsible for
preparing, issuing and updating the ICD and managing the exchange of interface details

between the new Rolling Stock and ALL interface parties as described in this ICD.

Other Systems (Followers)

This ICD assumes that all other systems/interface parties, as defined in this ICD, are the
‘Follower’ interfacing party. The assignment of the Follower role, requires each interface
party to proactively provide the interface details defined and to support the Rolling Stock
supplier with the preparation, updating and sign-off of the ICD and all other related
interfacing tasks. Other systems (followers) defined in this ICD are Infrastructure, Traction
Power, Signalling, Communications, Depot/Workshop, Existing Rolling Stock fleet and

Environmental.

Interface Requirements

Prior to preparing this ICD an Interface Matrix was developed to identify interfaces
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1.4.2

1.5

15.1

1.6

16.1

between the new Rolling Stock and other sub-systems and parties. The Interface Matrix is
therefore an input to this ICD. As necessary, the Interface Matrix will be updated as and

when new interfaces or interface parties are identified.

Interface requirements defined in this document are derived from interface details
contained in the Study Team’s System Requirements Specification (SRS) and the
experience and expertise of the Rolling Stock, Power, Signalling/Communications,
Depot/Depot Workshop, Environmental and Systems technical experts assigned to the
Feasibility Study.

Interface Classification

To improve the clarity of interface data, and facilitate more efficient management, the

interface information in this ICD uses the following classifications of the interface data:

Physical/Mechanical — Examples of interface data allocated to this classification
include, information relating to size, dimensions, clearances or mechanical fixing

details etc.

Electrical — Examples of interface data allocated to this classification include,

information related to electrical characteristics, voltage, current, power etc.

Functional — Examples of interface data allocated to this classification include,
information related to the system/sub-system function that the interface is required to
support, for example, train braking, acceleration, alarm generation, transmission of

information/data and presentation of information/data etc.

EMC/EMI - Interface data allocated to this classification relates to the new Rolling
Stocks potential to generate electromagnetic interference that has the potential to

impact other sub-systems or systems external to Thilisi metro.

Monitoring Progress and Close-out

Appendix A of this ICD includes sign-off sheets between the interface parties. Interface

sign-off and monitoring is based on a 3-part process. Each part is defined as follows:

(1) Part 1 — Interfaces ldentified: This stage on the interface design is defined as
complete when all interface parties have identified and updated the ICD
with the complete set of interface information to be exchanged between
themselves AND each interface party has signed Part-1 of the ICD Sign-off
sheet.

(2) Part 2 — Interfaces Defined: This stage on the interface design is defined as
complete when all interface parties have fully defined the interface e.g. it’s

Physical/Mechanical, Electrical, Functional and EMC/EMI characteristics and
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(3)

updated the ICD with this data AND each interface party has signed Part-2 of
the ICD Sign-off sheet.

Part 3 — Interfaces Tested/Verified/Closed: This stage on the interface
design is defined as complete when all interface parties have completed the

necessary testing/verification of the interface AND Closed-out any open

issues AND each interface party has signed Part-3 of the ICD Sign-off sheet.
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2. ABBREVIATIONS

ATC Automatic Train Control

ATO Automatic Train Operation

ATP Automatic Train Protection

cC Cab Car

CCtv Closed Circuit Television

EMC Electro-magnetic Compatibility

EMI Electro-magnetic Interference

EN European Norm

GOST Gosudarstvenny Standart (state standard/government standard)
IC Intermediate Car

ICD Interface Control Document

MMI Man Machine Interface

0OCC Operations Control Centre

PA Public Address

SRS Systems Requirement Specification
RST Rolling Stock

TCMS Train Control & Management System
TTC Thilisi Transport Company
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3. ROLLING STOCK - INFRASTRUCTURE INTERFACE

3.1 Scope

3.1.1 The scope of the Rolling Stock-Infrastructure interface includes the existing Track,

Stations, Tunnel, Viaduct, At-grade sections of the Thilisi metro.

3.2 Physical/Mechanical Interface

3.2.1 The Rolling Stock Contractor shall supply the following information to TTC’s Engineers

responsible for Infrastructure as a minimum:

(1)
(2)
(3)

(4)

(5)

(6)
(7)
(8)

Axle weight (new Rolling Stock);
Maximum weight (empty) CC/IC 34t/32/5t;

Minimum vertical curve that can be safely negotiated by the new Rolling
Stock;

Minimum horizontal curve that can be safely negotiated by the new Rolling
Stock;

Clearance dimensions for existing platforms and confirmation that no

modifications are required to the existing platforms;
Rolling Stock static loads;
Flange lubrication arrangements; and

Confirmation that the new Rolling Stock does not exceed the maximum
body width of 2,700mm

3.2.2 TTC's Engineers responsible for Infrastructure shall supply/verify the following

information to the Rolling Stock Contractor as a minimum:

(1)
(2)
(3)

(4)
(5)
(6)
(7)
(8)
(9)

Rail Type — P65 and P50;
Track gauge 1,520mm;

Typical friction coefficient for the rails under typical seasonal operating
conditions;

Horizontal curve mainline — minimum 300m;

Horizontal curve depot — minimum 150m;

Vertical curve mainline — minimum 150m;

Maximum height (for new Rolling Stock) — 3,695mm;
Nominal floor height (for new Rolling Stock) — 1,110mm;

Maximum gradient — 0.04%;
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(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)

(18)

Maximum cant — 120mm (nominal);

Axle weight — 15t maximum;

Minimum turnout radius (mainline) — 200m / 1:9;

Minimum turnout radius (depot) — 65m / 1:5;

Maximum Operating Speed — 80km/h;

Nominal station platform length — 100m;

Nominal station platform height — 1100mm, also see Figure 3.0;
Buffer stop types; and

Clearance Diagrams (see figures 1.0, 2.0, 3.0 and 4.0).
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Hlustration 2. Clearance Diagram C — for line tracks in circular tunnel

* Clearance increases by 30 mm in case of laying P65 type rails.

—e—o—e— Service Staff pedestrian path clearance line:

— — — \Water diversion ditch clearance line;

—X—X— Rail bottom clearance line.

Figure 1 - Clearance Diagram for Track in Circular Tunnels
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Hlustration 3. Clearance Diagram C — for rectangular tunnels, above-ground and
underground structures in the line track
* Clearance increases by 30 mm in case of laying P65 type rails.
— 00— Column clearance line:

————— Clearance line of railings and bearing walls on bridges and viaducts on above ground
line tracks;

= = = water diversion ditch clearance line in the case of laying the upper structure of the
rails on the concrete slab;

=X=X= rail base clearance line in the case of laying on the concrete slab;

=X X=rail base clearance line on the gravel ballast.

Figure 2 - Clearance Diagram for Rectangular Tunnels, Above Ground & underground Structures
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Hlustration 4. Clearance Diagram C — within the scope of the station

* Clearance increases by 30 mm in case of laying P65 type rails.

Clearance line of railings and bearing walls on bridges and viaducts on above
ground line tracks;

—X=X= rail base clearance line in the case of laying on the concrete slab
—XX= rail base clearance line on the gravel ballast;
— Q00— clearance lines of railings on platforms;

= =— = water diversion ditch clearance line in the case of laying the upper structure of the rails
on the concrete slab:

—0 o— (Column clearance line:

Figure 3 - Clearance Diagram within Stations

Page 12 of 34



AT B 1 Interface Control Document (f o % — 7 = — A& ¥ E4H)

. T00 , 700
§1 1 2
s 1010 J
4 17 73 "
5 [s \ 1525 | \:5:: 5]
L1 o .-"—ﬂl
4 ¥
H-|£ . s 15
=1
S
SSiER oS
] . [+
r=) - 7|8 1460 | 1460 a Tg
ol 1435 | 435 _ -
- °9 1450 | 14850 98
-E
g LH Hé—f
[ K | Y qﬁwmrﬂﬁu a 1

Hlustration 5. Layout of Clearance M of Rolling Stock
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Hllustration 6. Layvout of Clearance M of Rolling Stock

= = = For power receiver and automotive inductor the distance from rail top to the surface
of the automotive inductor shall be no more than 137 mm;

= = = for the power receiver in an operational mode:;
=X -only for auto-stop bracket;

=XX= only for the trunk of reduction gear.

Figure 4 - Clearance Diagram M Stock — lllustration 5 (Kinematic), lllustration 6 (Static)
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33 Electrical (Not Used)

3.4 Functional (Not Used)

3.5 Electromagnetic Compatibility (Not Used)
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4.1

41.1

4.2

4.2.1

4.2.2

4.3

43.1

4.3.2

ROLLING STOCK — TRACTION POWER INTERFACE

Scope

The scope of the Rolling Stock-Traction Power interface includes the interface to the
traction power substations, 3™ Rail and Regenerative Braking Receptivity system (if fitted)

for the Tbilisi metro.

Physical/Mechanical Interface

The Rolling Stock Contractor shall supply the following information to TTC’s Engineers

responsible for Traction Power as a minimum:
(1) Collector shoe numbers, position and fixing arrangements;
(2) Collector shoe height adjustment arrangements; and
(3) Depot stinger connection arrangements (Rolling stock side of the interface).

TTC's Engineers responsible for Traction Power shall supply the following information to

the Rolling Stock Contractor as a minimum:
(1) Conductor rail (3™ Rail) arrangements;
(2) Location of gaps in the 3 Rail and their length; and

(3) Depot stinger connection arrangements (Depot power, stinger side of the

interface).

Electrical

The Rolling Stock Contractor shall supply the following information to TTC’s Engineers

responsible for Traction Power as a minimum:
(1) Rolling Stock (RST) nominal voltage;
(2) RST maximum voltage;
(3) RST minimum voltage; and
(4) Coordination of overvoltage protection.

TTC's Engineers responsible for Traction Power shall supply the following information to

the Rolling Stock Contractor as a minimum:
(1) Traction power voltage, 825v nominal,
(2) Traction power voltage, 975v maximum,
(3) Traction power voltage, 550v minimum; and

(4) Traction power maximum not to exceed 3,200A/train.
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4.4

44.1

4.4.2

4.5

45.1

4.5.2

453

454

4.5.5

Functional

The Rolling Stock Contractor shall supply the following information to TTC’s Engineers

responsible for Traction Power as a minimum:
(1) Collector shoe manual operation function;
(2) Collector shoe pneumatic operation function; and
(3) Collector shoe adjustment function.

TTC's Engineers responsible for Traction Power shall supply the following information to

the Rolling Stock Contractor as a minimum:

(1) Evaluation of the feeding circuits to confirm is suitable for regenerative

braking;

(2) The new rolling stock shall be operated under the existing substation

capacity; and

(3) Regenerative storage unit functionality, if any.

Electromagnetic Compatibility
General

Both the Rolling Stock Contractor and TTC’s Engineers responsible for Traction Power
shall exchange all necessary information concerning EMC/EMI in the respective systems
to ensure compatibility in the design of systems. The information includes, but not be
limited to, the operation frequencies, the associated maximum radiated emission levels

of each subsystem and the locations of their transmissions.
EMC/EMI Test

Both the Rolling Stock Contractor and TTC’s Engineers responsible for Traction Power
shall jointly develop a test plan detailing how the electromagnetic compatibility between

the Systems will be verified.

The Rolling Stock Contractor shall supply, as appropriate, EMC compliance certificates for

relevant components.
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51

511

5.2

521

5.2.2

53

53.1

ROLLING STOCK — SIGNALLING INTERFACE

Scope

The scope of the Rolling Stock-Signalling interface includes the On-board signalling,
wayside signalling and Signalling/Rolling  Stock interfaces with regard to

transmission/presentation of data/alarms to the OCC.

Physical/Mechanical Interface

The Rolling Stock Contractor shall supply the following information to TTC’s Engineers

responsible for Signalling as a minimum:

(1) Available space (size, width, depth) to mount the existing TTC signalling

equipment;
(2) Location of the available spaces to mount the existing signalling equipment;

(3) Space provisions (size, width, depth) to mount the future ATP/ATO/CBTC

signalling equipment in the driver’s cab, saloon and under frame;

(4) Location of the available spaces to mount the future signalling equipment;
and

(5) Cabling arrangements.

TTC's Engineers responsible for Signalling shall supply the following information to the

Rolling Stock Contractor as a minimum:
(1) Driver/driving cab MMI arrangements;

(2) Space provision (size, width, depth) required in the Rolling Stock driver’s cab

to house the current signalling system;

(3) Required space provision, size, width, depth of cubicles etc. to mount the
future ATP/ATO/CBTC signalling equipment in the driver’s cab, saloon and

under frame; and

(4) Lineside signal sighting details as relevant to the Rolling Stock driving cab

and driver’s seating position.

Electrical

The Rolling Stock Contractor shall supply the following information to TTC’s Engineers

responsible for Signalling as a minimum:

(1) Connection arrangements between the Rolling Stock TCMS and existing

on-board signalling system (Rolling Stock side of the interface);
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5.3.2

5.4

54.1

5.4.2

5.5

5.5.1

(2) Connection arrangements between the Rolling Stock TCMS and future
ATP/ATO/CBTC on-board signalling system (Rolling Stock side of the

interface);

(3) Provisions for wiring & connection arrangements between the TCMS and

on-board signalling equipment;
(4) Power supply details; and
(5) Earthing and protection arrangements.

TTC's Engineers responsible for Signalling shall supply the following information to the

Rolling Stock Contractor as a minimum:

(1) Connection arrangements between the Rolling Stock TCMS and existing

on-board signalling system (Signalling side of the interface);

(2) Connection arrangements between the Rolling Stock TCMS and future
ATP/ATO/CBTC on-board signalling system (Signalling side of the interface);

(3) On-board signalling equipment power supply requirements; and

(4) On-board signalling equipment earthing and protection requirements.

Functional

The Rolling Stock Contractor shall supply the following information to TTC’s Engineers

responsible for Signalling as a minimum:
(1) Arrangements and functionality of the existing signalling system;
(2) TCMS functionality; and

(3) Protocols and standards for communication/data exchange between Rolling

Stock TCMS and on-board signalling equipment.

TTC's Engineers responsible for Signalling shall supply the following information to the

Rolling Stock Contractor as a minimum:
(1) Door control functionality, e.g. open/close/interlocking;

(2) Signalling data and functionality to be displayed on the Driver's MMI, e.g.

target speed, actual speed, distance to next red aspect etc.;
(3) Signalling alarm information to be displayed on the Driver’s MMI; and

(4) Signalling alarm information to be transmitted from the Rolling Stock and

presented at the Operations Control Centre.

Electromagnetic Compatibility

General
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5.5.2

5.5.3

5.5.4

5.5.5

5.5.6

5.5.7

Both the Rolling Stock Contractor and TTC’s Engineers responsible for Signalling shall
exchange all necessary information concerning EMC/EMI in the respective systems to
ensure compatibility in the design of systems. The information includes, but not be
limited to, the operation frequencies, the associated maximum radiated emission levels

of each subsystem and the locations of their transmissions.
EMC/EMI Test

Both the Rolling Stock Contractor and TTC’s Engineers responsible for Signalling shall
jointly develop a test plan detailing how the electromagnetic compatibility between the

Systems will be verified.

In the event of a failed test, both Rolling Stock Contractor and TTC's Engineers responsible
for Signalling shall work together to investigate the cause of the failure and jointly

develop the corrective actions necessary to resolve the failed test.
Any test that has failed shall be repeated until a satisfactory test resultis achieved.

The Rolling Stock Contractor shall supply, as appropriate, EMC compliance certificates for

relevant components.
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6.1

6.1.1

6.2

6.2.1

6.2.2

6.3

6.3.1

ROLLING STOCK — COMMUNICATIONS INTERFACE

Scope

The scope of the Rolling Stock-Communications interface includes the on-board

communication systems (Radio, Public Address, CCTV), wayside communication systems
(Radio) and Rolling Stock/Station communications e.g. CCTV and Public Address. The

scope also includes the transmission and presentation of data/information from the

communications systems to the OCC.

Physical/Mechanical Interface

The Rolling Stock Contractor shall supply the following information to TTC’s Engineers

responsible for Communications as a minimum:

(1)

(2)

(3)

(4)
(5)

Available space (size, width, depth) of cubicles etc. inside the Rolling Stock

to mount the existing TTC communications equipment (CCTV, Radio, PA);

Location of available space to mount the existing TTC communications

equipment;

Available space on the roof of the Rolling Stock, coordinates thereof and

fixing constraints to mount the existing TTC Radio antennas;
Cabling arrangements; and

Confirmation that the communications systems are mounted in both cabs

for redundancy purposes.

TTC's Engineers responsible for Communications shall supply the following information to

the Rolling Stock Contractor as a minimum:

(1)
(2)

(3)

(4)

Electrical

Driver/Driving cab MMI arrangements;

Space provision (size, width, depth) required in the Rolling Stock driver’s cab

to house the current communications equipment (CCTV, Radio, PA);

Space provision on the roof of the Rolling Stock required to mount TTCs

existing radio communications antenna; and

Radio antenna fixing arrangements.

The Rolling Stock Contractor shall supply the following information to TTC’s Engineers

responsible for Communications as a minimum:

(1)

Connection arrangements between the Rolling Stock TCMS and existing
on-board communications equipment (CCTV, Radio, PA) for the Rolling Stock

side of the interface;
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6.3.2

6.4

6.4.1

6.4.2

(2) Provisions for wiring & connection arrangements between the TCMS and
on-board communications equipment (CCTV, Radio, PA) for the Rolling Stock

side of the interface;
(3) Power supply details; and
(4) Earthing and protection arrangements.

TTC's Engineers responsible for Communications shall supply the following information to

the Rolling Stock Contractor as a minimum:

(1) Connection arrangements between the Rolling Stock TCMS and existing
on-board communications equipment (CCTV, Radio, PA) for the

communications side of the interface; and

(2) Provisions for wiring & connection arrangements between the TCMS and
on-board communications equipment (CCTV, Radio, PA) for the

communications side of the interface.

Functional

The Rolling Stock Contractor shall supply the following information to TTC’s Engineers

responsible for Communications as a minimum:

1) Confirmation that the communication system provided for the new Rolling

Stock is fully compatible with the existing radio communications systems;
2) TCMS functionality; and

3) Protocols and standards for communication/data exchange between Rolling

Stock TCMS and on-board communications equipment (CCTV, Radio, PA).

TTC's Engineers responsible for Communications shall supply the following information to

the Rolling Stock Contractor as a minimum:
(1) Details of the functionality of the existing communications systems;
(2) OCC to Rolling Stock radio communication functionality;
(3) OCC rolling stock vehicle monitoring/tracking functionality;

(4) Existing standards and protocols used to transmit/transport

communications information to the OCC;
(5) Passenger driver communications functionality;

(6) Functionality related to the driver/station PA to enable the driver to make

announcements from the train to passengers on the station platforms;

(7) Rolling Stock saloon CCTV coverage requirements;
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6.5

6.5.1

6.5.2

6.5.3

6.5.4

6.5.5

(8) Driver’s control functions for the on-board communications equipment
(CCTV, Radio, PA);

(9) Communications data (CCTV, Radio, PA) to be displayed on the Driver’'s MMI

(10) Communications system (CCTV, Radio, PA) alarm information to be

displayed on the Driver’s MMI; and

(11) Communications system (CCTV, Radio, PA) alarm information to be

transmitted and presented at the Operations Control Centre.

Electromagnetic Compatibility
General

Both the Rolling Stock Contractor and TTC's Engineers responsible for Communications
shall exchange all necessary information concerning EMC/EMI in the respective systems
to ensure compatibility in the design of systems. The information includes, but not be
limited to, the operation frequencies, the associated maximum radiated emission levels

of each subsystem and the locations of their transmissions.
EMC/EMI Test

Both the Rolling Stock Contractor and TTC's Engineers responsible for Communications
shall jointly develop a test plan detailing how the electromagnetic compatibility between

the Systems will be verified.

The Rolling Stock Contractor shall supply, as appropriate, EMC compliance certificates for

relevant components.
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7. ROLLING STOCK — DEPOT/WORKSHOP INTERFACE

7.1 Scope

7.1.1 The scope of the Rolling Stock-Depot/Workshop interface includes Lifting, Jacking,

Underframe Inspection, removal of components and parts from the Rolling Stock for

Inspection/Maintenance, Roof Inspection, Stinger, Stabling, Train Wash, Interior Cleaning)

7.2 Physical/Mechanical Interface

7.2.1  The Rolling Stock Contractor shall supply the following information to TTC's Engineers

responsible for the Depot/Workshop as a minimum:

(1)

(2)

(3)
(4)

(5)

(6)

Stabling requirements for the new Rolling Stock including stabling track

length, and number of tracks;

The location, dimensions and physical/mechanical characteristics of jacking

points;
Marking/indication scheme for to identify the location of the jacking points;

The location, dimensions and physical/mechanical characteristics of lifting

points for both workshop cranes and mobile cranes;

Marking/indication scheme for to identify the location of the lifting points

for both workshop cranes and mobile cranes; and

Current TTC maintenance/inspection scope e.g. parts removed and
inspected/maintained at the maintenance facility and parts sent off-site for

3" party inspectors/maintainers.

7.2.2 TTC's Engineers responsible for the Depot/Workshop shall supply the following

information to the Rolling Stock Contractor as a minimum:

(1)

(2)

(3)

(4)

(5)

Details of existing workshop jacking points, capacity, max loading,

dimensions and design;

Details of existing workshop cranes, capacity, max loading, dimensions and
design;
Details of existing mobile cranes, capacity, max loading, dimensions and
design;
Access platforms/methods for access to train interior for train cleaning and

rubbish removal;

Details/dimensions/clearance and location of inspection pits for underframe

inspections/maintenance of the new Rolling Stock;
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(6) Details/dimensions/clearance and location of overhead access platforms to

inspect and maintain the roof of the new Rolling Stock; and

(7) Details/dimensions/clearance of the existing train wash facilities.

7.3 Electrical

7.3.1  The Rolling Stock Contractor shall supply the following information to TTC's Engineers

responsible for the Depot/Workshop as a minimum:

(1) Specification of Rolling Stock on-board equipment that requires a power

supply whilst stabled to energize on-board systems (if any);

(2) Connection arrangements and electrical specification of the connection to

the stinger system (Rolling Stock side of the interface);

(3) Requirements for data download of Rolling Stock data to TTC’s maintenance

management system;
(4) Connection arrangements and electrical specification of the connection of
train domestic supplies for train cleaning; and
(5) Earthing and protection requirements.
7.3.2 TTC's Engineers responsible for the Depot/Workshop shall supply the following
information to the Rolling Stock Contractor as a minimum:
(1) Electrical connection at each stabling track for train interior cleaning; and

(2) Connection arrangements and electrical specification of the connection to

the existing workshop stinger system.

7.4 Functional

7.4.1  The Rolling Stock Contractor shall supply the following information to TTC's Engineers

responsible for the Depot/Workshop as a minimum:
(1) Details of the new Rolling Stock’s diagnostic system;

(2) Data, data types, data structure for the failure/maintenance information to

be transmitted to the existing maintenance management system; and

(3) Functional requirements, standards, protocols and file/data types related to
failure and maintenance data that can be downloaded from the Rolling

Stock data to TTC's maintenance management system.
(4) Train wash train control mode(s).

7.4.2 TTC's Engineers responsible for the Depot/Workshop shall supply the following

information to the Rolling Stock Contractor as a minimum:
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(1) Format, protocols, standards, file/data types, related to uploading Rolling
Stock failure and maintenance data to TTC's existing asset management

system; and

(2) Available wash mode(s) and functionality of the train wash system.

7.5 Electromagnetic Compatibility

75.1 Not Used.

Page 25 of 34



WAHEEF 1  Interface Control Document (A v ¥ — 7 = — A EFLEAHE)

8.1

8.1.1

8.2

8.2.1

8.2.2

8.3

8.3.1

ROLLING STOCK — EXISTING ROLLING STOCK FLEET INTERFACE

Scope

The scope of the Rolling Stock-Existing Fleet interface includes coupling, lighting and

rescue of failed trains.

Physical/Mechanical Interface

The Rolling Stock Contractor shall supply the following information to TTC’s Engineers

responsible for the existing Rolling Stock Fleet as a minimum:

(1)
(2)

(3)
(4)
(5)

(6)

New Rolling Stock — Front-end coupler arrangements;

Confirmation that the couplers are compatible with all generations of the

existing Rolling Stock;
New Rolling Stock — Inter-carriage coupler arrangements;
New Rolling Stock — Air brake hose arrangements;

New Rolling Stock — Headlight arrangements; and

New Rolling Stock — Taillight arrangements.

TTC's Engineers responsible for the existing Rolling Stock Fleet shall supply the following

information to the Rolling Stock Contractor as a minimum:

(1)
(2)
(3)
(4)
(5)
(6)

(7)
(8)

Electrical

Existing Fleet - Front-end coupler dimensions and related drawings

Existing Fleet - Inter-carriage coupler dimensions and related drawings;
Existing Fleet - Airbrake hose connection details and related drawings;
Existing Fleet - Headlight arrangements, specification and related drawings;
Existing Fleet - Tail light arrangements, specification and related drawings;

Details of the Tbilisi Metro track geometry, including maximum gradient

and location(s) and minimum radius curve and location(s);
Coupling arrangements under emergency conditions; and

Maximum weight of a fully loaded existing rolling stock;

The Rolling Stock Contractor shall supply the following information to TTC’s Engineers

responsible for the existing Rolling Stock Fleet as a minimum:

(1)

New Rolling Stock - Front-end coupler electrical connection details and

specification;
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8.3.2

8.4

8.4.1

8.4.2

8.5

8.5.1

8.5.2

(2) New Rolling Stock - Inter-carriage coupler electrical connection details and

specification;
(3) New Rolling Stock — Available ‘trainlines’ and safety loop;
(4) New Rolling Stock - Headlight electrical specification; and
(5) New Rolling Stock - Taillight electrical specification.

TTC's Engineers responsible for the existing Rolling Stock Fleet shall supply the following

information to the Rolling Stock Contractor as a minimum:

(1) Existing Fleet - Front-end coupler electrical connection details and

specification;

(2) Existing Fleet - Inter-carriage coupler electrical connection details and

specification;

(3) Existing Fleet — Details of the ‘trainlines’, interconnections between cars and

the safety loop;
(4) Existing Fleet - Headlight electrical specification; and

(5) Existing Fleet - Tail light electrical specification.

Functional

The Rolling Stock Contractor shall supply the following information to TTC’s Engineers

responsible for the existing Rolling Stock Fleet as a minimum:
(1) New Rolling Stock - Coupler function during train rescue;
(2) New Rolling Stock - Coupler function during normal coupling; and
(3) New Rolling Stock - Headlight and tail light functionality and operation.

TTC's Engineers responsible for the existing Rolling Stock Fleet shall supply the following

information to the Rolling Stock Contractor as a minimum:
(1) Existing Fleet - Coupler function during train rescue;
(2) Existing Fleet - Coupler function during normal coupling; and

(3) Existing Fleet - Headlight and tail light functionality and operation.

Electromagnetic Compatibility
General

Both the Rolling Stock Contractor and TTC’s Engineers responsible for the existing Rolling
Stock fleet shall exchange all necessary information concerning EMC/EMI in the
respective systems to ensure compatibility in the design of systems. The information

includes, but not be limited to, the operation frequencies, the associated maximum

Page 27 of 34



WAHEEF 1  Interface Control Document (A v ¥ — 7 = — A EFLEAHE)

8.5.3

8.5.4

8.5.5

radiated emission levels of each subsystem and the locations of their transmissions.
EMC/EMI Test

Both the Rolling Stock Contractor and TTC’s Engineers responsible for the existing Rolling
Stock fleet shall jointly develop a test plan detailing how the electromagnetic

compatibility between the Systems will be verified.

The Rolling Stock Contractor shall supply, as appropriate, EMC compliance certificates for

relevant components.
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9.1

9.11

9.1.2

9.1.3

ROLLING STOCK — ENVIRONMENTAL INTERFACE

Scope

The scope of the Rolling Stock-Environmental interface includes internal and external

noise and potential EMC/EMI impact to hospitals and local housing adjacent to the metro.

The Rolling Stock Contractor’s Engineers responsible for EMC/EMI and environmental
issues shall supply the following information to the Rolling Stock Contractor as a

minimum:
(1) Describe the EMC/EMI concept to be adopted by the new Rolling Stock;

(2) Identify the related EMC/EMI standards that the new Rolling Stock will be
compliant with, e.g. EN50121, GOST 33436.3-1;

(3) External noise levels at standstill and at 60km/h; and
(4) Internal (driver’s cab and passenger saloon) noise levels at standstill and
60km/h.

TTC's Engineers responsible for the environmental issues shall verify the following

information to the Rolling Stock Contractor as a minimum:
(1) External Noise level limits

i. Train at  standstill, driver’'s  and passenger  saloon air

conditioning/ventilation operating at maximum normal power < [70dB/)A)];

ii. Train operating at 60km/h driver's and passenger saloon air

conditioning/ventilation operating at maximum normal power < [79dB/)A)];
(2) Internal Noise level limits

i. Train at standstill, passenger compartment air conditioning/ventilation

operating at maximum normal power < [70dB/)A)];

ii. Train at operating at 60km/h, passenger compartment air
conditioning/ventilation operating at maximum normal power < [76dB/)A)]

measured 1.5m above floor level;

iii. Train at standstill, driver’s cab, air conditioning/ventilation operating at

maximum normal power < [68dB/)A)];

iv. Train at operating at 60km/h, driver’s cab air conditioning/ventilation

operating at maximum normal power < [74dB/)A)];
(3) Ambient weather conditions observed in Thilisi; and

(4) National and/or local standards related to EMC/EMI to be adopted e.g.
EN50121 of GOST 33436.3-1.
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9.2

9.3

9.4

9.5

9.6

9.6.1

9.6.2

9.6.3

9.6.4

9.6.5

Physical Interface — Not Used

Mechanical Interface — Not Used

Electrical — Not Used

Functional — Not Used

Electromagnetic Compatibility
General

The Rolling Stock Contractor and the parties responsible for the Environmental issues
shall exchange all necessary information concerning EMC/EMI in the respective systems
to ensure compatibility in the design of systems. The information includes, but not be
limited to, the operation frequencies, the associated maximum radiated emission levels

of each subsystem and the locations of their transmissions.
EMC/EMI Test

The Rolling Stock Contractor and the parties responsible for the Environmental issues
shall jointly develop a test plan detailing how the electromagnetic compatibility of the

Rolling Stock with the Environmental conditions will be verified.

The Rolling Stock Contractor shall supply, as appropriate, EMC compliance certificates for

relevant components.
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10.

10.1

10.1.1

10.1.2

10.1.3

10.1.4

10.2

10.2.1

11.

111

VERIFICATION & TESTING

General

Each Contractor shall carry out independent tests, communication protocol tests and

integrated system functional tests to verify all aspects of the interface.

The Rolling Stock Contractor shall take the lead role in planning and coordinating the

execution of the testing and commissioning of the interface.

Each Contractor shall provide all resources necessary to complete the tests. This shall
include having staff to attend the tests that are capable of fully diagnosing all interface

problems with respect to their own contract equipment and systems.

Each Contractor shall provide all resources necessary to rectify faults identified during
testing.

Integrated Test

The integrated tests shall verify the successful integration of the systems and that jointly
they provide the overall system integrated functions. The Rolling Stock contractor shall
develop the integration test procedures and methods. Other contractors shall assist the
Rolling Stock contractor, as needed, to develop the integration test procedures. The
Rolling Stock contractor shall be responsible for leading the integrated tests. The outcome
of the integration tests will be recorded in a Test report. Successful integration test

outcomes will be used to validate fulfilment of the Subsystem and System requirements.

SCHEDULE

Not used in this version.
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Appendix 1 — Agreement and Sign-off Sheet

Interface Control Document — Sign-off Sheet

Part 1 — Interfaces ldentified

We, the undersigned agree that this document accurately records that all the relevant interface information has been

identified and documented.

Rolling Stock — Infrastructure Rolling Stock:
Infrastructure:

Date:

Rolling Stock —Traction Power Rolling Stock:

Traction Power:

Date:

Rolling Stock — Signalling Rolling Stock:
Signalling:

Date:

Rolling Stock — Communications Rolling Stock:

Communications:

Date:

Rolling Stock — Depot/Depot Workshop Rolling Stock:
Depot/Depot Workshop:

Date:

Rolling Stock — Existing Rolling Stock Fleet Rolling Stock:

Existing Rolling Stock Fleet:

Date:

Rolling Stock — Environmental

Rolling Stock:

Environmental:

Date:
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Interface Control Document — Sign-off Sheet

Part 2 — Interfaces Defined

We, the undersigned agree that this document accurately records that all the relevant interface information has been

defined.

Rolling Stock — Infrastructure Rolling Stock:
Infrastructure:

Date:

Rolling Stock —Traction Power Rolling Stock:

Traction Power:

Date:

Rolling Stock — Signalling Rolling Stock:
Signalling:

Date:

Rolling Stock — Communications Rolling Stock:

Communications:

Date:

Rolling Stock — Depot/Depot Workshop Rolling Stock:
Depot/Depot Workshop:

Date:

Rolling Stock — Existing Rolling Stock Fleet Rolling Stock:

Existing Rolling Stock Fleet:

Date:

Rolling Stock — Environmental

Rolling Stock:

Environmental:

Date:
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Interface Control Document — Sign-off Sheet

Part 3 — Interfaces Tested/Verified/Closed

We, the undersigned agree that this document records that all the relevant interfaces have been tested/verified and

that any open issues have been closed out.

Rolling Stock — Infrastructure Rolling Stock:
Infrastructure:

Date:

Rolling Stock —Traction Power Rolling Stock:

Traction Power:

Date:

Rolling Stock — Signalling Rolling Stock:
Signalling:

Date:

Rolling Stock — Communications Rolling Stock:

Communications:

Date:

Rolling Stock — Depot/Depot Workshop Rolling Stock:
Depot/Depot Workshop:

Date:

Rolling Stock — Existing Rolling Stock Fleet Rolling Stock:

Existing Rolling Stock Fleet:

Date:

Rolling Stock — Environmental

Rolling Stock:

Environmental:

Date:

Page 34 of 34




&R 2 Design Criteria

Thilisi - Feasibility Study Procurement of New Rolling Stock

Rolling Stock Design Criteria

Document Number TBL1-FSRS-GEN-DEC-0001

Revision Date

Draft 14/12/21
Rev.1 20/12/21
Rev.1.1 — Draft sections assigned to KJG prepared 22,23,24/12/21
Rev.2 Updates from Tsujimura-san added. Cross-checked to 18/1/22
Requirements List and amended as necessary

Rev.2.1 Missing requirements related to Passenger Doors added by 19/1/22
Tsujimura-san.

Date: 19/1/2022

Page 1 of 40



&R 2 Design Criteria

TABLE OF CONTENTS
1. INTRODUCTION .....ocoiiiiiiiiiiiiiiiiiiiiiisissssisssssssssssss s s s s s s s s s s s s s 4
1.1 U oo 1Y TP PPPPPTPR 4
1.2 KT olo] o1 IO UPPPPPPPNN 5
1.3 T 10T o = ol OO U PO PP UUP PP PTOPPP 6
14 RETEIEINCES ... ettt ettt e at e st e s bt e e s bt e s bt e e s ab e e s b e e e eab e e e beeennte e s baeenabeesreean 6
2. ABBREVIATIONS.......cueiiiiiiiiiiinnnttttiiseisssnsssesssssssssssassssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 7
3. TRAIN CONFIGURATION .....ccotiiiiiiiiiiiiiirrienieenneenieeeseennesssesssesssssssssssssssssssesseesssssssesseesnsesseessseseeesnessneenns 8
3.1 L L A L1 =4 ) S STRTPPPRPNE 8
3.2 (070 0 11 1) SRR PP PRPP 8
33 B 1 T =T =4 o U STRTPPRPNS 8
4. TRAIN LOADING .....ccotiiiinnntttiiiniiisssnneteesssesssssssssssessssssssssssssssssssssssssssssssssssssssssssssnssessssssssssssnnssesssssss 9
4.1 SEATING ATTANZEIMENTS ... eieteteee ettt et e ettt e e e e e s e bbbttt e e e e e s s aabbaeeeeeeeessaaabsbaeeeeeessaasnssraaeeesannns 9
4.2 (6T o =Tl 1 1Y 2O PPTO P RPPTPPPPPON 9
5.  OPERATING IMIODES ......cccottiiteiireiiniinnieineeineeereeereeeeeeereereeerreerteeteeetreereettrettettreeemememeemmn 10
5.1 (ol a1 @] o 1T - | 4 e o NSRS 10
5.2 [DLT={ = Yo [=Yo I @ T o Y=Y o= o o 1RSSR 10
5.3 EMErZENCY OPEIAtiON .ciiiiiiiiiiiitiee ettt ettt e e e s ettt e e e e e s e bbbt e e e e eeessaanbabaeeeeesessnnranaeeas 10
5.4 TrAIN RESCUE ..ttt et e s et e s st e e s e s s e e e s s s r e e e s sasneeeeaanneeesanrenesannenenan 10
6.  TRAIN PERFORIMANC E .......ccoettimiimmiiiniinnniineeereerreeereeereetreeteeerreetreerreeemetmmeemeeemmetmmeemmmmemeemmeeemmmnn 11
6.1 ACCEIBIATION ..ottt ettt ettt et e st e e s b te e s be e e bbeesabeesabeeesabeesbteesabeesabaeenabeenabeenn 11
6.2 Braking (SEIVICE Brake).....cccuiciiieiieeecieeette ettt e ete e st e e tee e ste e e sta e e sateesbaeessteesnbeeesaeesnseeesseesanes 11
6.3 Braking (EMErgeNCY BraKe) ....ccuieciee ittt e ettt e e s tee e at e e sbee e aaeesntaeesnneesanes 11
6.4 REZENEIAtIVE BraKiNg .eoeicviiiiiiiiiieiciiee sttt ettt e s e e e ae e e et e e e e e st aeeeessbeeeesnseeeeesnneeas 11
6.5 Speed (Design Speed, Operating SPEEA)........ccvieiciieciie ettt e et ae e e e e aae e 12
7. TRAIN SUB-SYSTEMS .....cciiiiiitiiiiiiiniintiiteeiineeereeeeeetreeerrerreerrrerreerreereeeereerreetrterrettretrreetmeermetmreemeeemmmmmnn 13
7.1 (07T o Yoo 1V PSPPSR 13
7.2 B OIS ittt ettt ettt e ettt e e e e e e bt a e e e e e e e e e bttt et e e e e e e bbb aaaeeeeeeaaababaaaeeesenaanraaaeees 14
7.3 (070 TUT o] 1=T 3P STPPRPN 15
7.4 [0 o TU] £ o o ISR 15
7.5 L[5 o] o FO PP PTOPROPRP 16
7.6 F T 11 T A e LYY TN 17
7.7 TCIMIS ettt sttt et e bt e s be e s ht e s et e et e e bt e bt e bt e sae e e ateeabe et e e b e e beesheeeateeateenbe e be e heenaeenaes 18
7.8 EVENT RECOTTEN ...ttt ettt e s bt s bt e st e e s bt e e sab e e sabeeesabeesabeeebbeesabeeeneeesans 18
7.9 FUTUIE ProViSIONS TOr GOASB/A.....ooceeeeeeeeee ettt ettt e e ettt ete e e eat e ebe s e eaeeeenbesennaeeeaees 18
% KO B o= TEY=T 0 T=1=T g To T ] &3S 19
8. COMMUNICATIONS & PASSENGER INFORMATION SYSTEMS.......ccooevmriieiiiiciissnnnneeeniscsssssnnnneeeensesnnns 22
8.1 2= To [ 1o TP UPPUPRRRRRRPRN 22

Page 2 of 40



&R 2 Design Criteria

8.2 ] o] Tl Yo o [ <1 PP R O PUTPPRRTOPR 23
8.3 (6 0l IO OO SO PP USRS 23
8.4 Passenger INfOrmMation SYSLEMIS ....ccii i e e e e e e e rre e e e e e e e e nnraaaeeas 23
9. RELIABILITY, AVAILABILTY & MAINTAINABILITY ...ccitiiiiinnnreeniiniissisnnseesississssssssssessssssesssssssssssssssssssns 25
9.1 (CT=T a1 - | O TPV PUTOPPTRUPTRTOPRINt 25
9.2 Mean Distance Between Failures (IMDBF)........cociiiiiieiiiie ettt et 25
9.3 Y YT a] =10 F=1 o 11 Y PSPPSR 26
10. SAFETY & QUALITY .ccoiiiiiiiiiinnnnreeiiieiiissnnssesissssssssssssssssssssesssssssssssssssssssssssnsssesssssssssssansssssssssssssssnnnns 27
10.1  HAzard ManagemeENTt......cue i iieeeiiiieeeieitee e sttt e e sstiteeessataeeessabeeeessnbeeeesasbeeeesasseeeesanseeeesanseeeessnseneesanss 27
O Y- Y (=Y Y 6 1Y U PPRPNt 28
R S 1 o (o) (T o1 (o] o F OO P P OPPUTPPRRPNt 28
O I © (U | 1 Y P PUTOPPPPPNt 29
11. HUMAN FACTORS....ccitiiiiiiinnntretiiiiiiissssssestssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssansssssssssssssssnnnns 30
3 O R =1 ¢~ {0 Ty [o] 41Tl OO P PP UPPPPPPPPROR 30
i A 1 1V o -] « T O PP SO PO PPRUPRTRTRRPI 30
I S T Y1 (o o o T T USSP PPPUPRTOTRRPI 31
12. ENVIRONMENTAL CONDITIONS......cotiiiiiiiiiiiiiinsiisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 32
12,1 AMDIENt CONILIONS onieiiiiiieiiie ettt et st e st e st e e bt e e sareesabeeesnreesabeeas 32
R [ 1TSS PRSP PPUTPPRRPNt 32
202 T =1 \V [ 4 1 1V | RO SRPRR 33
13. TESTING, HANDOVER & ACCEPTANCE........ccccettiiiiiniiiniinnisississssssssssssssssssssssssssssssssssssssssssssssssssssssssses 34
3 70t R [T i o =P PP OPPUTOPPRPPOt 34
13.2  TeSt DOCUMENTATION c...eiiiiiiiiee ettt ettt e sttt e e st e e s ear et e e s eare e e e sambe e e e sanreeeesanbeeeesanreeeesnne 34
T T & T g To oLV o R Y olol =T o] = o < F R URPPPRRINt 36
14. MAINTENANCE & TRAINING.......ccotiiiiiiiiiiiiiiisiisnsirssssssssss s sssssss s s ss s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s s 37
It R AV - 110 (=T 1= o Lol OO U P PSP PPUTPPPRPOt 37
142 MaINtENANCE CONCEPT . .utiitiiieiiiiiiiiieeee et ree e e e e e sttt e e e e s ssabbbeeeeesssssasraraeeeesssssssssaaaeeessssnsnsnes 37
14.3  RAIMS REQUITEIMENTS ...uuviiiiiiieeiiiiiiiiieeeeeesesiiitteeeeeessssatrteeteeesessassrasaeeeessssssssssraaeeesssssasssenaeeessssnsnsnes 37
14.4  InterchangEability ..ccccccuieei i e et e e et e e e b a e e e esbaeeeeebeeeeeanes 39
14.5  WashiNg @and ClEANING ....ceiiciiiii ittt ettt et e e st e e s sbae e e s sbteeessabeeeessnbeeeesanseeeessnseeeessnseeeesnnes 40
146 Anti-Vandalism CONCEPL...ccciiiii ittt ste e e e st e e s sabe e e e ssabeeeessbaeeessnbeeeessnseeeesanes 40

Page 3 of 40



&R 2 Design Criteria

11

111

1.1.2

1.1.3

1.1.4

1.15

1.1.6

INTRODUCTION

Purpose

The Design Criteria has been prepared as part of the technical studies under the

Feasibility Study for the Procurement of New Rolling Stock for Thbilisi Metro, Georgia.

This Design Criteria is intended as a key input document to the Basic Design phase that is
planned to follow-on from the Feasibility Study phase. This Design Criteria should be used

as a basis from which to commence the Basic Design for the new Rolling Stock.

The purpose of the Design Criteria is to establish and document the critical design
elements that the new Rolling Stock must comply with in order for the new Rolling Stock
to be integrated into the existing Thilisi Metro and operated in conjunction with the

existing systems and rolling stock.

Seamless integration and operation of the new Rolling Stock on Thilisi Metro is a key
factor and consideration of the Feasibility Study’s technical experts. To realize the full
benefit of procuring the new Rolling Stock, it must be specified, designed, constructed,
tested and accepted into revenue service with minimal impact to Thilisi Metro’s existing

operation.

Due to the age and condition of Thilisi Metro, it is likely that to achieve seamless
integration of the new Rolling Stock, some of the Thilisi Metro’s legacy systems and
facilities, for example Depot Workshop equipment, will need to be modified or upgraded.
Modifications and upgrades that may be required are not included in this Design Criteria

but are described in the Feasibility Report prepared by the study team.

This Design Criteria has been developed early in the process and it has been based on:

1) Review of the source documentation provided by Thilisi Transport Corporation
(TTC);
2) Technical review meetings with local experts and TTC;

3) Padeco’s technical team’s expertise and experience.
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1.2

1.2.1

1.2.2

1.2.3

124

1.2.5

1.2.6

1.2.7

Scope

The scope of this Design Criteria includes:

1) The Rolling Stock and its primary subsystems;
2) Performance;

3) Configuration;

4) Capacity & loading;

5) Operational modes;

6) On-board communications systems;

7) Safety; and

8) Reliability.

This Design Criteria also includes key considerations related to Human Factors specifically
related to the ergonomic design of the driver’s cab such that it can accommodate both
the existing controls and equipment as well as provisioning for the planned future

upgrade of the Train Control system (signalling) to GoA3/GoA4.

Human Factors related to the passenger saloon is also included within this Design Criteria,
specifically with regard to the arrangement of saloon, safe access and egress and

provisions for disabled passengers.

Environmental considerations are included in this Design Criteria as they apply to
passenger comfort (e.g. interior noise levels) and impact on passengers waiting at

platforms and other close neighbors (e.g. external noise).

Environmental considerations as they apply to the impact of the new Rolling Stock on the
environment that surrounds Thilisi’s Metro are addressed in the study team’s Feasibility

Report.

Testing, handover and acceptance is briefly considered within this Design Criteria from
the point of view of identifying key considerations that require early implementation.
Examples include a Test Track on which to conduct dynamic testing and safety assurance

documentation that is critical to handover and acceptance.

Maintainability and training that are important to handover and the on-going

maintenance are also addressed briefly in this Design Criteria.
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13

1.3.1

1.3.2

1.3.3

1.4

1.4.1

Interfaces

Interfaces between the new Rolling Stock and other sub-systems, for example Traction

Power, Signalling and Track etc. are not included in this Design Criteria.

Interfaces are defined in a specific rolling stock Interface Control Document (ICD) that has
also been developed as part of this Feasibility Study. Collectively, this Design Criteria and
the ICD form the technical description and outline requirements for the design of the new
Rolling Stock, therefore they must be read and implemented in conjunction with each

other.

For interfacing details refer to the current revision of the following document: Interface
Control Document — Rolling Stock to Multi Sub-systems, document number

TBL1-FSRS-SEI-INT-0001.
References

Reference was made to the following items in the development of this Design Criteria:

1) TTC General Requirements to Metro Cars;

2) Requirements List (developed for this study by Padeco);

3) Risk Register (developed for this study by Padeco);

4) Interface Control Document — Rolling Stock to Multi Sub-systems;

5) Responses from TTC to various Request for Information;

6) Technical data and materials provided by Padeco’s local experts; and

7) Information/data obtained from technical meetings with TTC and others.
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ABBREVIATIONS

AC
ALARP
ASC
ATO
cC
CCtv
EMC
EMI
EN
GoA
GOST

ICD
IHA
ISO
MDBF
OSHA
PA
PHA
RAM
SSHA
TCMS
TTC
TETRA
uIC

Alternating Current

As Low As Reasonably Practicable
Automatic Speed Control

Automatic Train Operation

Cab Car

Closed Circuit Television
Electro-magnetic Compatibility
Electro-magnetic Interference
European Norm

Grade of Automation
Gosudarstvenny Standart (state standard/government standard)
Intermediate Car

Interface Control Document
Interface Hazard Analysis
International Standards Organization
Mean Distance Between Failures
Operational Safety Hazard Analysis
Public Address

Preliminary Hazard Analysis
Reliability, Availability, Maintainability
Sub-system Hazard Analysis

Train Control & Management System
Thilisi Transport Company

Terrestrial Trunked Radio

International Union of Railways
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3. TRAIN CONFIGURATION

3.1 Train Weight

3.1.1  Static Loads

Static loads shall be calculated according to applicable EN or GOST standards.

3.1.2 Maximum Axle Load

The maximum static load per wheelset (axle) shall not exceed 15 t.

3.1.3  Deviation of Static Loads among Wheelsets

Deviations of static loads among wheels shall not lead to safety critical situations at any point of

the line and the depot. Maximum acceptable decreasing of wheel load shall be <5%.

Safety against derailment shall be assured under all operating conditions and maximum possible

wear and tear and tolerances of trackwork and vehicle.

3.1.4 Weight

To minimize energy consumption, then cost, great importance shall be placed on achieving
practical design of minimum weight whilst meeting all specified structural and performance

requirements.

For client’s information specific weight reducing solutions shall be highlighted in the proposal,
which shall not subject of evaluation.

3.2 Consist

The trains shall consist in the basic configuration of 4 cars with 2 bogies for each car. Trains shall be

bi-directional, with doors on both sides and identical driver's cabs at each end.

All vehicles shall be equipped with Inter-Carriage Gangways to the next car of maximum possible

width and height. The two types of cars (cab car / CC and intermediate car / IC) shall be used.

Future extension of an additional intermediate car for a 5-car train configuration shall be
considered, technically prepared and proposed as an option.

33 Train Length

There are compatibility requirements with the existing train for train length and door arrangement

because platform length and platform screen door in future.
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4, TRAIN LOADING

4.1 Seating Arrangements

All passenger seats are arranged in longitudinal position for maximization of standing spaces. Seats

shall be convenient and easy to clean, maintain and replace.

Seat design and colours will be determined by the Purchaser, in combination with the vehicle

exterior and interior design.

Adequate handrails shall be easy to reach and shall enable safe passenger movements from and to

the nearest passenger door.

Tip-up and fold-down seats, if used, shall be safe in any position.

4.2 Capacity

Rolling stock capacity shall be specified according to the following definitions of the operational

load and specified main characteristics:

e AWO: Empty Load with driver

e AW1: AWO + all fixed and folding seats occupied

e AW2: AW1 + 5 passengers per m? standing area (for operational calculation)

e AW3: All seats occupied and a load of 500 kg/m? for standing areas (crush load)
e AW4: Specified according to applicable standards only for structural design and

loading tests of car body.

EN 15663 & EN 12663 or GOST 50850-96 & STO SDS OPZT-05-2010 are to be considered.
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5. OPERATING MODES

5.1 Normal Operation

Regular driving mode includes manual operation by driver under signal conditions. Platform

dispatch is only by the driver with support of train borne camera system.

Cameras shall be positioned on the cab ends of trains on both sides. The cameras shall allow full
supervision of the passenger’s boarding by the driver in any case of weather, temperature and light

conditions.

5.2 Degraded Operation
In case of signalling failure driving in line of sight is applied with a speed restriction of 20 km/h.

In case of a door failure the defect door will be isolated and mechanically locked in a mechanically

secure and absolutely reliable manner. By locking the door the green loop is closed.

53 Emergency Operation

In case of fire or terrorist attack during train operation, train should reach next station without

stopping in the tunnel for easy passenger evacuation.

5.4 Train Rescue

It shall be possible at any location of the line and the depot and under all ambient conditions to
e rescue an inoperable train (existing trains and new trains) in the maximum gradient at
straight and curved sections and under consideration of lowest friction coefficient caused
by humidity, dripping water, dust and other chemical films on the rail by push or pull action
by an empty train, uphill and downhill, and
e to hold in the maximum gradient an inoperable train with fully released or inoperable

brakes by an empty train.

The above shall include rescue of and rescue by existing trains. Full compatibility for mechanical

coupling and the pneumatic brake system is required.

Neither damage to rolling stock, track or fixed installations, nor any risk of derailment shall arise
from such operations at any section of the system, including any type of activated braking.

Page 10 of 40



&R 2 Design Criteria

6. TRAIN PERFORMANCE

6.1 Acceleration

Starting acceleration is < 1,2 m/s? (adjustable) up to dense crush load condition AW3, and jerk limit
is 0.65 m/s3.

6.2 Braking (Service Brake)

Service braking is used to reduce speed in regular conditions in compliance with comfort criteria
for all revenue load conditions. This braking must not cause regular and intensive stressing of

wearing elements.
Maximum service brake deceleration is 1,2 m/s? up to dense crush load condition AW3.

Service braking performances shall be achieved with only electro-dynamic braking from top speed
to low speed, in all conditions of line receptivity up to 100% (maximum regenerative brake). At low
speed (3 - 6 km/h) electro-dynamic braking shall be blended with the mechanical braking to stop

the train, wheel slip protection being active.

In partial receptive condition, the full electrical braking effort is achieved with rheostat braking in
complement. The dimensioning of the rheostats should ensure full availability during service

without temperature restrictions.

If dynamic braking is restricted the mechanical air brake shall support the operational braking. The
tenderer shall describe the limitations (run-time, speed) for different proportions of air brake
support.

6.3 Braking (Emergency Brake)

Emergency braking mode is provided to stop the train in case of safety reasons, detected failure
condition or signal system commands. Emergency brake is also applied if the safety loop is opened

and maintained until complete stop (v= 0 km/h).
Emergency brake deceleration is 1,4 m/s? up to dense crush load condition AW3.

Emergency braking uses primarily all the electro-dynamic brake and/or all friction brakes to bring
the train to complete stop from any operation speed. Wheel slip protection shall be active,

exceptions are to be nominated in the brake concept.

6.4 Regenerative Braking

Trains shall comply with the existing power supply and traction system. Trains shall use
regenerative braking. Tenderers shall familiarize themselves with the relevant conditions.
Regenerated energy shall be used only for train operation within the DC system
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6.5 Speed (Design Speed, Operating Speed)
The design speed is 90 km/h, and the operation speed is 80 km/h.

Performance requirements are based on Power supply at nominal value, running on straight and

flat track and half worn wheels.

Maximum operational speed

In AW3 load conditions, the train shall be capable of reaching its maximum operation speed with
residual acceleration of > 0.13 m/s? in order to keep a steady maximum speed for all operational

needs.

Reverse speed

Reverse speed for movements of a train in the depot or on the line for a specific operation, shall be

provided and automatically limited to 35 km/h.

Washing machine speed

A special speed regulation shall be provided for passing a washing machine with around 3.5 km/h

(2 m/s).

Change of the values for both speeds named above and other values for dynamic behaviour shall

be possible for the client without restrictions by using supplied free hard and software.
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7. TRAIN SUB-SYSTEMS

7.1 Carbody

7.1.1 General

Vehicles shall be compliant with the requirements of EN 12663-1 or GOST 50850-96 & STO SDS
OPZT-05-2010.

7.1.2  Crash protection

Vehicles shall be compliant to EN 15227 or STO SDS OPZT-05-2010.

For client’s information, which shall not be part of the evaluation process and is required only for
Client’s information, tenderers shall describe the installed crash protection systems and the

collision impact which can be absorbed by the structure of the proposed vehicle.

7.1.3 Front Design

The front design shall present a unique appearance of the metro system to the City of Thilisi..
Surfaces shall be free of edges and protruding elements and easy to clean.

7.1.4  Roof

The roof shall not carry technical equipment and shall therefore enable only for walking on
designated areas if required.

7.1.5 Intersection - Inter-Carriage Gangways

The intersections shall require minimum maintenance and sustain the ambient and climate
conditions of Thilisi. They shall provide noise protection and thermal insulation and sustain the

design life of the vehicle with not more than regular maintenance.

Intersections shall allow fast decoupling of vehicles in the depot and on the line in case of vehicle
rescue or re-railing actions. The maximum time for decoupling of vehicles by two persons must not

exceed 20 minutes.

Actions for complete decoupling incl. the bellows shall be described easily and shall be stated as
information, which shall not be part of the evaluation process and is required only for Client’s

information.
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7.2 Bogies

7.2.1 Bogie Design

All bogies shall be identical and fully interchangeable. The assembling into the opposite direction
at the same position in case of unequal wear of wheels and flanges must be possible with lowest
adaptions. The Tenderers shall describe necessary action and amount of working hours for the

latter. This is for client information only and is not for use in tender evaluation.

The Contractor shall verify this during maintainability demonstration. During service life, no cracks

shall appear anywhere in the bogie frame. Bogie frames shall be of a service-proven design.

Bogie to car body connection shall be by a centre pin. The bogie connection shall include features
to enable lifting the bogie together with the car body. When the car body is lifted, bogies shall

raise together with the car body, without disengaging any part of the suspension system.

7.2.2  Wheelsets

Wheels of monobloc types with a sufficient radial wear allowance of > 40 mm in radius shall be

used.
Axles and wheels shall be designed and verified according to UIC and EN or GOST Standards.

The Contractor shall define and verify an optimal wheel tyre profile according to the rail profile

used.

7.2.3  Flange Lubrication

Leading bogies at cab end cars of half of all supplied trains shall be equipped with flange
lubrication for liquid, semi liquids and/or solid compounds.

Tenderers shall describe their provisions for flange lubrication devices. This is for client information

only and is not for use in tender evaluation.

7.2.4  Axle Bearings

Axle / wheelset bearings shall transmit all necessary forces under all operating conditions, shall

support noise and vibration minimisation and shall provide connectivity for traction return current.
If the vehicle body is lifted or jacked, bogies / underframes shall not unintentionally separate from
the body.

7.2.5  Suspension

Vehicles should have two suspension levels:
e primary suspension (between bearings and underframe / bogie frame)

e secondary suspension (between bogie frame and car body).
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Tender shall explain the technical solution comparing to the maintenance efforts. This is for client

information only and is not for use in tender evaluation.

7.2.6  Couplings

Couplings used in running gear (between gearbox and traction motor) must be oil-free and

maintenance-free.

7.2.7  Third rail current collector

Third rail current collector is fixed before primary suspension and must be height adjustable.
7.3 Couplers

7.3.1  Front- End Coupler

It shall be possible to connect two trains, if one is in degraded condition, mechanically and
pneumatically at any section of the mainline. Coupling shall be possible without any manual

assistance and intervention.

The tenderer shall propose a coupling concept considering rescue actions with existing train

generations and also for train positions in curves and s-curves.

Couplers shall be operable under any ambient condition. The coupler shall be at usual height, to

enable mechanical coupling with all generation rolling stock.

The actual fleet is using coupler type 717 and 714 (Scharfenberg design).

7.3.2  Intermediate Couplers

Coupling between cars of a train (intermediate coupling) may be by specific mechanical

short-couplers as proven connection (semi-permanent couplers).

Coupling and decoupling may be executed with specific tools. For damping and crash protection
specific devices shall be installed. Electrical connections are separated. An uncoupling on the

mainline shall be considered for rescue actions and adaptors for shunting should be provided.
7.4 Propulsion

7.4.1 General conditions

The performance requirements are based on a maximum adhesion coefficient of 0.16.

7.4.2 Nominal Performances

The nominal performances are given in AW2 load condition and with all motor bogies in service:
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e Average acceleration rate up to 40 km/h: > 1,26 m/s?
e Jerk limit nominal: 0.65 m/s® (adjustable from 0.6 to 0.9 m/s3)

7.4.3  Fall back operation

With power being reduced to any kind of failure equal in consequence to > 25% of motor bogies
failure and with the train in AW3 condition, it shall be capable of starting at an acceleration of

0.2 m/s? at any section of the line.

For power reduce of 2 0% and < 25% the train shall be capable to operate under regular service
conditions and AW2 for unlimited time till end of revenue service. Potential restrictions should be

listed by the tenderer.
7.5 Traction

7.5.1  Traction System & Interfaces

The traction system shall sustain revenue operation over more than a full operating day at full

capacity, and shall be safe under all ambient and operating conditions in Thilisi.

The supplier shall coordinate the traction system, earthing and overvoltage protection of the
vehicle with the traction power system supply by the third rail.

7.5.2  Failed Vehicles

The traction system shall enable to rescue failed trains at least until the depot or a siding is
reached, from any point of the line.

7.5.3  Current Collection

On each motor bogie there are installed 2 pick-ups on each side of the vehicle which ensure the

connection to the traction power supply of the third rail.

The collector is of retractable (hinged) type, with pneumatic and manual operation functionality.
For train power supply in the workshop and stabling areas connecting devices to stingers are
required.

7.5.4  Traction Motors

Three-phase AC motors shall be used.

No danger shall arise from currents generated by traction motors during any push or pull

operation.
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7.5.5 Brake Resistors

Braking energy if not returned to the power rail shall primarily be used for heating/cooling of the
vehicle interior and for other on-board systems. If and when necessary, and the remaining energy
shall be released to the environment by resistors. Continuous operation without restrictions shall

however also be possible with rheostat braking only.

7.5.6  Return Current

Traction current return through rails shall be reliable and safe under all operating and ambient
conditions.

7.6 Auxiliary Power

7.6.1  General Requirements

The tenderer shall present a common used low voltage concept, designed and installed in similar

trains.
The low voltage system shall at least support

e all necessary on-board functions during revenue operation,
e all necessary control and communication functions under degraded operation,
e interior and exterior lighting including emergency lighting and

e passenger doors.

Radio communication shall still remain possible when all other systems are not operational.

A 230V AC system shall include 230 V AC sockets in the passenger compartment for cleaning and
testing purposes. The 230 V plugs shall be isolated during revenue service.

7.6.2  Degraded Conditions

All functions which are safety critical and/or essential for operation shall remain available under
degraded conditions and traction power failure at least until the depot is reached.

7.6.3 Battery

The battery shall be designed to provide 30 min ventilation, with 50% performance.

Battery charging of complete discharged batteries shall be possible directly from traction power

and without supply of external energy/voltage.

Tenderers shall specify their battery type / technology. The provided specifications shall not be

used for the evaluation purposes and are required only for Client’s information.
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7.7 TCMS

7.7.1 On-Board Information System

Vehicles shall enable and support an on-board information system controlled from driver cab units

(e. g. IBIS system). An open system shall be used.

Visual and audible information systems as well as automatic vehicle location shall be fully

supported. Details will be specified at a later design stage.
Information shall not be lost when driver's cabs are shut down or during reversing at termini.

Data read-out and downloading shall be easily possible by the operator's personnel without

proprietary equipment.

Tenderers shall propose the wireless communication between the trains and information transfer

devices on the mainline and in the depot area for automatic status transfers and data updating.

7.7.2  Fault Detection System

A fault detection system shall indicate faults on the driver display and shall distinguish at least
between

e safety critical

e critical to operation and

e non-critical events.
Automatic detailed failure data downloading to a depot and maintenance management system at

the entrance of the depot zone system shall be supported.

7.8 Event Recorder

Safety critical action by the driver shall be recorded and stored with the corresponding data (time,
distance, location, type of action) for evaluation by both the operating company and the
authorities involved. Data storage shall be safe and easily accessible in case of accidents including
collisions ('black box'). Driver access to the data shall not be possible. Storage capacity shall be for

one week operation.

7.9 Future Provisions for GoA3/4

Design, construction and operation of Thilisi's metro system is actually based on GOST and SNiP
standards and their subordinate regulations. Upgrading of the metro system is however under way,

with a transition largely to European Standards.

Both operated lines have conventional signalling systems, Line 2 is upgraded with a Tetra based
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installation. A modernization and harmonization for both lines is in preparation and expected in

mid-term future.

ATO up to GOA 3 / 4 shall be considered for later future and preparations for additional control
equipment shall be considered in the proposal. For driver’s convenience an integrated ASC system

is required.
7.10 Passenger Doors

7.10.1 Doors arrangements

All cars shall have 4 passenger doors per side in symmetrical distances and arrangements. Each

door shall have two door leaves. Plug slide doors shall be proposed.

Malfunction of the suspension or low position of the vehicle shall not interfere the door opening in
any case. A failure of one door system shall not affect operation of the other systems.

Change of the parameters for door opening and reacting times shall be possible for the client

without restrictions by using supplied free hard- and software.

7.10.2 Door Operation
The following modes for revenue operation are foreseen:

1.1 All Doors of a train side can be opened by the driver. No passenger actuation will be used.

1.2 Doors can be closed by driver command.

2.1 All Doors of a train side can be released by the driver. Passengers can open the door by
pressing push buttons outside or inside of the train.

2.2 Doors are closing 3 - 5 seconds after no passenger transfer in the doorways is detected.

2.3 Doors are closing after driver cancels the door release.

For all regular modes above doorway supervision by minimum 2 red-light bars or comparable

devices and optical and acoustical signals before moving of the blades is mandatory.

3.0 Forced closure of doors by the driver with increased optical and/or acoustical warning to
passengers. Only the protection against trapping in the doorways shall then remain active.

Re-opening distance is limited and door closing forces shall be increased.

Doors of one side shall be locked against simultaneous opening of doors of the other side, during
revenue operation. For revenue service the passenger doors shall be supervised for opening in

stations only on the platform side.
Specific modes:

4.0 It shall be possible to open and close dedicated doors by cleaning personnel and drivers,
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also when the vehicle is in fully shut down condition and/or the battery empty.

5.0 It shall be possible to de-activate and lock mechanically passenger doors by the driver from
inside or outside, and continue revenue operation. Deactivated door is signalized for
passengers outside and inside the train. For driver’s locking a safety key device shall be

used.

Warning indicators (visual / audio) to indicate imminent door closure should be agreed by the
client and programmable.

Door safety mechanisms shall have sensitive edges to protect passengers against injury. Small
items (i.e. dog leash) locked between the closed door leaves shall be detected after door closing
and a warning signal given to the driver. Risks of injuries shall be minimized.

Tenderers shall describe the door safety system(s) they propose to use in their vehicle.

7.10.3 Equipment

Doors shall protect against weather and excessive sunlight and prevent penetration of the vehicle
interior by humidity and dirt.
Moveable parts to minimize horizontal and/or vertical gaps between vehicle floor and station

platform shall not be used.

7.10.4 Door Space

Adequate space shall be provided opposite and/or adjacent to passenger doors to facilitate rapid
boarding and alighting, crush loading and conveying of wheelchairs, prams, bulky luggage and the

like. Vertical handrails shall not restrict the door width.

7.10.5 Doorways

Doorways shall facilitate reliable door operation and efficient passenger movements. Minimum

free opening width should be 1300 mm.

7.10.6 Passenger emergency installations

Each door is fitted inside with a mechanical egress handle for passengers. If the handle is pulled,
the door shall plug out and can be opened manually by passengers. Both leaves are mechanically
connected and open simultaneously. If the train is in movement the door closing gear will be

activated for forcing the door into close position.

Each car is fitted with an 2 intercom for passenger - driver communication
(microphone/loudspeaker multiplex combo) and an emergency passenger alarm push button,

which is covered by a glass / plexi screen.
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7.10.7 Mechanical Lock

Each door is fitted inside with a mechanical lock by a safety key. By locking the door the safety loop

is closed.
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8. COMMUNICATIONS & PASSENGER INFORMATION SYSTEMS

8.1 Radio

The delivered trains must be fully compatible with existing equipment for radio as described

below.

There are forty three “PTC-A24M” stationary radio stations located on both sides of the metro line,
which are installed at 10 stations, namely: Samgori, 300 Aragveli, Liberty Square, Station Square 1,
Guramishvili, Akhmeteli Theater, Station Square 2, Tsereteli, Medical University and

Vazha-Pshavela.

For the two-way radio communication link between the driver’s cab and the traffic dispatcher,
there is a 4 mm "BCM-1" bimetallic wire (waveguide) located on the brackets installed on the arch
of the metro tunnel. As for the Rolling Stock, on the roofs of the cab cars, there is a longitudinal
bimetallic wire of 13 m long, 8 + 10 mm in diameter. Frequency of 2444 kHz is used on the main
line, and 2644 kHz for Saburtalo line. In the cab cars, in the technical room behind the driver's cab,
there is a "42PTM" type radio station manufactured in the Russian Federation, c. Novosibirsk, JSC

"Zavod Elektrosignal".

On Saburtalo line, State University - Station Square 2 as well as on the main line, Station Square 1 —
Grma Ghele portal and Depot Nadzaladevi Station section in parallel with the old radio
transmission system, operates TETRA Standard Radio Broadcasting System, using 411.725MHz,
4211.725MHz, 413.325 MHz, 423.325 MHz, 413.750, 423.750 MHz, 414.150 MHz and 424.150

MHz, frequencies.

For the radio communication purposes on the Saburtalo line, a console with Hytera software has
been installed in the Traffic Dispatcher and the stations are installed with TETRA standard Hytera
base stations, “TS-9200 350M” type, “BDA Local” and "TS-9200" type "BDA Remote" with dual

amplifiers to be connected via coaxial cables:

Stations State University - Vazha Pshavela and stations Vazha Pshavela - Delisi first-line 7/8 " leaky
waveguides (leaky feeders), and as for the other stations next to the “TDJ-400Z8 400 to 480 MHz”

type antennas.

For Saburtalo line, in the driver’s cabs, there is a "MT680 Plus" mobile radio station adopted with
"TETRA standard" produced by Hytera. For the reception and transmission of digital radio signals,
"OmPlecs®-TOP 200 AMR 0.7-B -2" antennas are mounted on the roofs of the driver’s cabs, which

are interconnected by coaxial cable.
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8.2 Public Address

The public address system shall allow communication between driver and passengers.
Pre-recorded announcements of stations shall be automatically activated. Activation and
preparation of other languages in addition to the Georgian language shall be possible by the

operator.

The driver shall have the ability to address passengers at stations.

Audible information shall duplicate optical information, in line with universal design principles,

shall be anticipated.

8.3 CCTV

Each and every component/equipment of the CCTV system installed in the metro cars shall be
compliant with the following railway standards: railway standards EN 50155, EN 50121-3-2 (EMC),
EN 60068 (temperature/climate), EN 61373 (shock/vibration), EN 45545 (fire protection).

e 1 camera shall supervise line (shall be installed either on the windscreen in the driver’s cab
or on front of the driver’s cab).

e The number of cameras required for the saloon supervision of each car shall be agreed
with the Purchaser, depending on the design of the car and the characteristics of the
cameras. A full coverage is required.

e Each camera shall be digital: minimum 2 Mp, minimum: 12 shots per second and with
H.264, H265 standard support or equivalent.

e Record and store data for a pre-defined period, not less than 2 weeks / 336 hours per each
recorder equipment.

e Records shall be stored at least on 2 recording equipment (1 recorder unit).

e FEach metro car shall be equipped with redundancy cable network, connected to the
commutators and placed on pre-defined areas. Also at least 2 units of network ports shall
be reserve in each metro car.

e At least 2 redundancy network cables shall be laid between the metro cars.

e CCTV system shall be separated from other systems and CCTV equipment shall be
independent from other systems equipment.

e Manufacturer’s name of the camera or any camera feature shall not be identifiable for
passengers.

e 2 units of video recording equipment shall be installed in the driver’s cab and connection

shall be made with authentication protocols.
8.4 Passenger Information Systems

8.4.1  Exterior Displays and Audible Installations

Route, destination and train order displays shall be provided on the front end. Displays shall be
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readable under all ambient conditions in Thilisi. Readability of displays shall be coordinated with

exterior, esp. nose design.

When shut-down for reversing, information displays shall remain active.

8.4.2 Interior Displays

Interior displays shall be provided in reasonable numbers and size which shall at least:

e Be dedicated for special transportation vehicle (vandal proof, vibration proof, water and
dust resistant);

e Enable the operator to select from Pad/Monitor the next station, previous station. In
addition all station names shall be listed and upon the selection of each station all
monitors shall visualize respective video and synchronized audio signal. This information
shall be synchronized and delay for announcement shall not exceed 1 second. Video and
audio signals shall not be interrupted and or lost;

e Be easily editable the station data by the personnel (name, video image and audio file)

e indicate the next stop whilst the vehicle is in motion, and the route number and
destination whilst the vehicle is stationary in a station;

e split-screen or by changing frames advertisement;

e Display Georgia/English fonts

8.4.3  Voice and Data Radio

The voice radio system shall enable communication at least

e between the operation control centre and the vehicle/driver (voice and data radio).
The data radio system shall support automatic vehicle monitoring by the operation control centre.
Details will be specified at a later stage.
8.4.4  External Loudspeakers
For vocal passenger information and warning loudspeakers shall be installed close to the passenger
doors. The system should have automatic level control to adjust ambient noise level.
8.4.5 Passenger Intercom
An intercom between passengers and the driver shall be provided adjacent and/or opposite to
each 2" doorway. Communication shall be controlled by the driver.
8.4.6  Passenger Emergency Device

A passenger emergency device shall be provided adjacent and/or opposite to each doorway.
Passenger emergency brakes and emergency door handles shall be in the same place, where

applicable.
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9.1

9.11

9.2

9.2.1

9.2.2

9.2.3

9.24

9.2.5

9.2.6

RELIABILITY, AVAILABILTY & MAINTAINABILITY

General

Reliability, Availability and Maintainability (RAM) figures used in this Design Criteria have
been derived from the source documents provided by TTC. Specifically, the figures
provided in the document “General Requirements to Metro Cars” have been used. These

figures are indicative only and should be verified as part of the Basic Design stage.
Mean Distance Between Failures (MDBF)

MDBEF is a key metric that measures the overall reliability of the new Rolling Stock, it is a
metric used by many other similar metros worldwide. To optimize the rolling stock design
and avoid over-designing non-critical components, the MDBF figure is typically considered
in conjunction with the impact/consequence of failures. This approach allows failures or
events that could potentially cause unsafe situations or major impacts to train operation
to be specified at greater mean distances than those events or failures that cause minimal
impact. A common method of classifying impact of failures is to assign a range of

categories to a range of failure types.
Categories of failures

For this Design Criteria, the categories and definitions provided in the “General

Requirements to Metro Cars” have been used:

1) Category A (highest, most stringent): Failures that have the potential to affect
safety;

2) Category B: Failures that have the potential to affect operational reliability;

3) Category C: Failures that have the potential to affect passenger comfort; and

4) Category D (lowest, least stringent): Failures that have the potential to cause no
immediate loss of function.

MDBF — Category A & B

For category A&B failures, the new Rolling Stock shall have a MDBF of 500,00km

MDBF — Category C

For category C failures, the new Rolling Stock shall have a MDBF of 100,00km

MDBF — Category D

For category D failures, the new Rolling Stock shall have a MDBF of 50,00km

Page 25 of 40



&R 2 Design Criteria

9.3 Maintainability

9.3.1 Subject to any modifications and improvements identified in the Feasibility Team’s
Feasibility Study Report, the new Rolling Stock should be able to be maintained by trained

staff at the existing maintenance facilities and workshop.

9.3.2  As the supplier of the new Rolling Stock has not yet been identified and since the
maintainability of Rolling Stock is unique to each supplier, it is not appropriate to include
maintainability figures in this Design Criteria. In place of maintainability figures, this
Design Criteria specifies the following:

1) The successful supplier of the new Rolling Stock should conduct a maintainability

analysis that demonstrates that the availability/reliability figures, as expressed as
Mean Distance Between Failures above, is achieved by their rolling stock.
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10.

10.1

10.1.1

10.1.2

10.1.3

10.1.4

10.1.5

10.1.6

10.1.7

SAFETY & QUALITY

Hazard Management

The purpose of Hazard Management is to:

1) Identify safety risks associated with the procurement, design, assembly,
manufacture, testing, handover and acceptance of the new Rolling Stock;

2) Generate safety requirements;

3) Apportion safety control measures or mitigations to systems, people, processes
and organizations to ensure safe operation of the new Rolling Stock; and

4) Provide a means to demonstrate safety compliance.

Identification of hazards is fundamental to safety management. Where hazards are not
identified, they cannot be managed and, as necessary, designed out or mitigated.
Therefore, it is crucial to the design of the new Rolling Stock that all potential hazards are

identified, recorded and managed in a project specific Hazard Log.

Hazard management should consider all stages of the project lifecycle and include people,

processes as well as the Rolling Stock and it’s associated systems and subsystems.

Hazard management should address the risk to the existing system and to the metro

environment within which the new Rolling Stock will be operated.

All hazards should be recorded in the Hazard Log. The Hazard Log is to be implemented as
part of the future Basic Design at the outset of the procurement of the new Rolling Stock.
The Hazard log should be maintained (and updated as necessary) throughout its design,

manufacture, assembly, testing, handover and acceptance.

Key activities related to hazard management that should be conducted in parallel to

preparation of the Basic Design are:

1) Preliminary hazard identification;

N

Preliminary Hazard Analysis (PHA);

B W

Operational Safety Hazard Analysis (OSHA); and

)

)

) Interface Hazard Analysis (IHA);

)

) Sub-system Hazard Analysis (SSHA).

5

Hazards identified should be assessed to determine the risk of the hazard in terms of its
likelihood and consequences. All risks should be assessed and reduced to as Low As

Reasonably Practicable (ALARP). The Hazard Log should be updated as hazards are
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10.1.8

10.2

10.2.1

10.2.2

10.2.3

10.2.4

10.3

10.3.1

10.3.2

assessed and mitigations defined or as new hazards are identified and assessed.
Implementation of the principles, approach and processes set out in EN50126 is

recommended.

The outcome of the Hazard Management process, and evidence created throughout its

implementation is essential to support the Safety Case.
Safety Case

The Safety Case provides formal and documented evidence that the new Rolling Stock is
safe for its intended operation on the existing Thilisi metro. The Safety Case relies upon
the collation of evidence, performance of tasks and the creation of a comprehensive set
of documentation that is incrementally prepared throughout the project lifecycle. As a
consequence, work on establishing the Safety Case should commence at the time of
procurement of the new Rolling Stock and continue throughout its design, manufacture,

assembly, testing, handover and acceptance.

The European Standard EN50126 provides guidelines for developing the Safety Case and

as such it is recommended that this standard be adopted and followed.

Review and approval of the Safety Case is likely to require involvement of the various
authorities in Thilisi in addition to TTC. To ensure that the Safety Case meets all
stakeholders’ requirements, it is crucial to identify all relevant stakeholders at the
commencement of the project, establish their needs and requirements and include them

in the task to develop the Safety Case.

Further information on the Safety Case, the approach to its development and safety

certification is included in the Study Team’s Feasibility Report.
Fire Protection

The fire-safety protection, evacuation and rescue design concept for passengers shall be
in accordance with the current EU standards e.g. NPB 109-96 or equivalent for metro

trains.

The train and its components shall be designed, verified and validated according to EN

45545-1-7 or GOST 50850-96 & NPB 109-96 standards.
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10.3.3 Materials shall be of low flammability and non-toxic. Fire loads shall be reasonably
minimized with regard to operation in tunnels. All materials used in the vehicles interior
shall be tested in accordance with respective test procedures relevant fire safety standard

and must comply with the performance criteria.

10.3.4 The floor assembly, including supports, penetrations with fasteners, conduits, pipes and
floor to wall connections, shall perform as a fire separation barrier for a minimum period

of 30 minutes after an under car fire has started.
10.3.5 Roof fire resistance shall be verified in accordance with I1SO 834-1 or NPB 109-96.
10.3.6 The fire alarm system shall be designed in accordance with EN 45545 or NPB 109-9..
10.4 Quality
10.4.1 All work shall be managed in accordance with EN 1SO9001

10.4.2 The Rolling Stock supplier shall prepare and submit a Quality Management Plan that sets
out their approach to quality and application of the EN ISO9001 quality system.

Page 29 of 40



&R 2 Design Criteria

11. HUMAN FACTORS

11.1 Ergonomics

11.1.1 Ergonomic design of the cab is crucial to the safe and efficient operation of the rolling

stock. Therefore, the new Rolling Stock should be designed in accordance with European

Health & Safety regulations and guidelines. During preparation of the Basic Design the

application of the following standards should be considered and assessed:

1)

2)

3)

EN 547-3 Safety of Machinery — Human Body measurements — Part 3:
Anthropometric data.
EN 894 Safety of Machinery — Ergonomic requirements for the design of displays
and control actuators
UIC 651 (E) Layout of Driver’s cabs in locomotives, railcars multiple unit trains

and driving trailers

11.2 Driver’s Cab

11.2.1 The design of the driver’s cab of the new Rolling Stock should be in accordance with the

following principles:

1)

2)

3)

4)

5)

6)

7)

The position of the driving desk should be the same as the existing Thilisi Mtero
rolling stock;

Enable the driver to pay attention to the lineside signal aspects and their
interpretation;

Enable the driver to perform all train operations without being distracted from
observing the lineside signals;

The driver’s seat should be designed such that it allows the driver to undertake all
normal driving functions in the seated position;

The driver’s seat should be designed in accordance with the anthropometric data
applicable to the Georgian population;

Safety related and/or frequently used equipment should be located between the
minimum and maximum of the radius of the anthropometric accessibility of the
driver;

Information provided to the driver should be within the recommended field of

vision.
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11.2.2 The design of the driving console of the new Rolling Stock should, as far a possible follow

the general layout of the existing rolling stock. However, where possible, the following

principles should be followed:

1)
2)

3)

4)
5)

6)
7)

11.3 Saloon

All displays should have a similar user interface;

Information that is not essential for driving should only be presented if it has an
impact on operation (e.g. state of the train, failure etc.);

Elements that are not needed during driving should not be located on the driver’s
control desk;

Operating elements of the same function should be grouped together;

Each action of the driver should have some form of feedback, e.g. visual, audio or
kinesthetic. The driver should be confident of the function activated;

Shape, colour and location should be used to distinguish different functions;

Key elements related to driving, e.g. speed, traction, braking and signalling
information shall be located within the driver’s main field of vision.

11.3.1 The design of the saloon of the new Rolling Stock should be in accordance with the

following principles:

1)

2)
3)
4)
5)

Allow safe access and egress from the train under both normal and emergency
conditions;

Provide at least 1 space in each car for wheelchairs;

Provide at least 1 multi-purpose are per car;

Provide a passenger emergency device adjacent to each doorway;

Provide a passenger intercom between the passenger and driver, located adjacent

to each 2" doorway;

11.3.2 Floor height

Height deference from platform should be as small as possible in order to realize smooth getting

on/off of wheelchair. Air suspension of bogie has leveling function to keep constant floor height,

height deference is only caused by primary spring of bogie based on load condition.
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12. ENVIRONMENTAL CONDITIONS

12.1 Ambient Conditions

12.1.1 Climatic conditions
Information about temperature ranges for operation and stabling is as follows.

Temperature range of operation: +452C/-252C

Temperature range of stabling:  +452C/-252C
Future increases of annual mean temperatures shall be considered.

Ambient conditions for service in Thilisi shall be considered as extremely aggressive, in particular
for the tunnel sections with ingress of sulphurous waters. This will require specific corrosion

protection measures.
Massive snowfall and rainfall shall not affect operation.

Unlimited outdoor stabling shall be possible without any damage, and shall not affect operation.
Tenders shall state any special provisions or on-board systems which need to remain active for

outdoor stabling under the expected ambient conditions in Thilisi.

For client’s information tenderers shall describe their corrosion protection measures including
consideration of sulphurous waters in tunnels.

12.1.2 Other Conditions

The system is operated in tunnels and elevated sections. Potentially reduced friction coefficients
between rails and wheel due to humidity in tunnels and leaves on wet rails on surface sections

shall be addressed.
Sanding is generally not permitted for the whole metro system.

12.1.3 For client’s information tenderers shall describe their specific friction detection and

propulsion control system.

12.2 Noise

The Tenderer shall propose an acoustic concept and shall verify the defined parameters during
commissioning of the trains in accordance with ISO 3095 and I1SO 3381 or GOST 50850-96 and the

requirements below.

Tenderers shall propose verification methods.
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Noise Level Limits

Maximum noise level
Location and Conditions
[dB(A)]

Inside, passenger compartment; standstill ventilation working at

<70
maximum normal power
Inside, passenger compartment, moving at 60 km/h constant speed,
1.5 m above car floor, ventilation working at maximum normal <76
power
Inside driver’s cab standstill and air conditioning working at

<68
maximum normal power
Inside driver’s cab, 60 km/h and air conditioning working at

<74
maximum normal power
Outside, standstill, driver’s air conditioning and passenger

<70
compartment ventilation working at maximum normal power

12.3 EMC/EMI

The tenderer shall provide an EMC concept assigning an EMC responsible person resolving all EMC
related matters regarding electrical and structural equipment of the rolling stock, including the
measures required to comply with the EMC requirements and the applicable standards, such as EN
50121 or GOST 33436.3-1.

The EMC concept shall reflect all EMC relevant data and evaluation. The EMC Concept shall

particularly provide all arrangements to be made for compliance with signalling and

telecommunication equipment.
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13.

13.1

13.1.1

13.1.2

13.1.3

13.2

13.2.1

TESTING, HANDOVER & ACCEPTANCE

Testing

To mitigate integration risks related to the new Rolling Stock, existing signalling system
and traction power the new Rolling Stock must undergo a series of static and dynamic
tests prior to acceptance and operation on the existing Thilisi metro. Whilst static testing
can be performed at the manufacturer’s facilities, dynamic tests, by their very nature,
require a length of track (test track) that allows the rolling stock to be driven and

operated as close to normal operating speeds as possible.

To facilitate early integration testing between the Rolling Stock and other subsystems and
dynamic testing a length of test track needs to be made available. It is ideal if this test
track is available at the manufacturer’s facilities and this requirement should be

considered when selecting a supplier to manufacture/assemble the new Rolling stock.

In the event that a test track is not available at the manufacturer/assembly facilities, then
arrangements need to be made with TTC to allow dynamic testing of the new Rolling

Stock using a section of the existing metro.
Test Documentation

Documentation to plan and record the outcome of tests is required. This documentation

should include:

1) Test Schedule;

N

Test Plan;

B W

)

)

) Test Procedures;
) Test Reports; and
)

5) Master Test List.
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13.2.2

13.2.3

13.2.4

13.2.5

13.2.6

13.2.7

13.2.8

13.2.9

13.2.10

13.2.11

Test documentation is not a set of static documentation, the test documentation should
be considered as active documents. As active documents, they should be kept up-to-date
and amended (as necessary) in response to the execution of the tests and any

circumstances that cause change to the testing.

The Test Schedule should set out the planned testing activities, sequence of tests,
planned duration of each test and inter-dependency of testing activities together with key

dates, milestones.

The scope of the Test Schedule should include static tests, dynamic tests as well as system

integration tests that are required to verify the integration of the new Rolling Stock.

Should dynamic tests require the use of the operational metro (or a section thereof), the
management, safety, access, test execution and scheduling of the tests should be

coordinated with TTC.

The Test Plan should describe the approach to testing, the test organization,
responsibilities, test evidence and verification of tests against requirements. The Test

Plan should include the Test Schedule.

The Test Procedures should be prepared for each planned test. The Test Procedure
should describe the test method(s), test steps, the pass/fail criteria, test environment &

conditions and method for recording the test outcome.

Test Records are required as evidence to support the Safety Case, handover and
acceptance. Test records for all tests (static & dynamic) should be produced to record the

outcome of each test.

The Test Record should record the test environment and conditions at the time of the
test, the personnel responsible for performing the test, test equipment, date, time and

test outcome.

The Test Record should include a method to link/trace the test to the requirement(s) that
the test satisfies together with a method for the test personnel to verify that the test

fulfills the overarching requirement(s).

A Master Test List should be maintained to record and track the status of the planned

tests and respective outcomes.
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13.3

13.3.1

Handover & Acceptance

Handover and acceptance of the new Rolling Stock must be planned sufficiently in
advance of the planned delivery. This is to provide sufficient time to prepare and
assemble the necessary supporting document. It is anticipate that a minimum of 18

months will be required. Supporting documentation should include:

1) Safety case completed and approved;

2) Evidence of successful test outcomes;

3) Resolution of any major outstanding items;

4) Completion of training and proof of training;

5) Availability of spare parts and materials;

6) Completion of modifications (as necessary) to the Depot/Workshop needed to
maintain the new Rolling Stock; and

7) Handover and acceptance documentation, approved and signed by TTC and any

other relevant parties.
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14. MAINTENANCE & TRAINING

14.1 Maintenance

For client’s information tenderers shall provide maintenance / replacement intervals for the
following components, which shall not be evaluated:

e Wheelsets and components

e Braking systems and components

e Lubricants

e Intersection and Couplers Components

e Dampers

e Wearing parts of doors

o Filters

Tenderers shall propose additional maintenance arrangements based on availability criteria and

describe corresponding references and experience.

Tenderers shall determine and propose the set of capital spare parts necessary to fulfil the

proposed availability and specify cost and delivery time.

To allow proper maintenance a state-of-the-art diagnostic system is to be provided. Remote

information transfer shall be included.

14.2 Maintenance Concept

The tenderer shall provide a specific concept for preventive and corrective maintenance of the
new trains which shall fulfil the applicable legal regulations and technical standards, and satisfy the

availability criteria.
14.3 RAMS Requirements

14.3.1 Mean Distance Between Failures (MDBF)

The following MDBF figures [train km] shall be achieved as a minimum:
e A+B- Category: 500,000 km
e (- Category: 100,000 km
e D - Category: 20,000 km.

The categories are specified as:
e Category A: Failures that can affect safety.
e Category B: Failures that affect operational reliability.
e Category C: Failures that affect passenger comfort.

e Category D: Failures that cause no immediate loss of function.
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Special attention shall be paid to the following components and assembly groups:
e Drive and brake control unit
e Traction motors
e Compressor for air-supply and

e Passenger Doors.

14.3.2 Availability

Thilisi Metro requires trains that are of mature design. Untried and/or untested technology is not
acceptable. Mature design means that all designs of components, technology, and software in the
offered train must have been in revenue-earning service for a minimum of six months prior to the
offer. The tenderer shall provide written evidence of these facts that shall include the quantity of
similar cars already in service with the same components, technology and software and their

locations and the names of the owning railway entities.

14.3.3 Maintainability

The Tenderer shall undertake maintainability analyses to assess the preliminary maintainability

targets of the trains.

The Contractor shall state the maintainability requirements, and demonstrate that maintainability

is sufficient to support the required train availability and reliability.

The Contractor shall demonstrate that maintenance errors have been considered, and, as far as

practicable, appropriate engineering has mitigated the risk of maintenance-induced faults.

To optimise corrective maintenance, techniques employing automatic diagnostics tests and
efficient rapid repair procedures shall be described and established. Maintainability is not part of

the evaluation process and is required only for Client’s information.
14.3.4 Safety Requirements

Trains shall present a safe, hazard-free environment to passengers, staff and the public.

Passengers and staff shall not be exposed to tripping hazards, sharp points and edges, lethal or

injurious voltages, toxic materials, abrupt or unexpected accelerations, or similar hazards.

Location, illumination levels, colours, graphics, and surface finishes shall be selected to enhance
visibility of trip edges, windscreens, controls, and other potential hazards with which the

passengers and staff come into contact.

Normal and emergency equipment and controls that passengers or staff may be required to

operate shall be clearly identified, and where required, operating procedures shall be presented in
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adequate manner.

Operating and maintenance manuals, procedures, and training shall explain the correct handling,
storage, and disposal of hazardous materials. Exposure of maintenance personnel to lethal or
injurious voltages shall be reduced through compartmentalisation, interlocks, and similar

measures.

All equipment shall be free from sharp points and edges. All equipment containing hazardous
materials, lethal or injurious voltages, or other risks shall be clearly marked on both the outside

and inside of the equipment in adequate manner.

14.4 Interchangeability

All aggregates, components and wearing parts shall be interchangeable between vehicles without
modification. In order to keep the operational and maintenance costs as low as possible, the

application of non-variable parts is of great significance.
Interchangeability is not part of evaluation process and is required only for Client’s information.

Time required to change the following components (including putting into service and adjustments)

shall be stated by the Tenderer:
e Bogie
¢ Wheelset incl. motor
e Brake pads
e Brake actuators
e Traction inverter
e Auxiliary inverter
e Pick-up
e Air-Con unit for driver’s cab
e Windscreen
e Lateral windows
e Passenger door system
e Passenger door leave
e Passenger door drive/controller
e Passenger seat
e Driver’s seat
e Windscreen wiper
e Windscreen wiper drive and motor

e Coupling and Decoupling of intersections

If required by the Purchaser, these times shall be demonstrated on site by the Supplier.
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14.5 Washing and Cleaning
The vehicle exterior shall be suitable for mechanical washing with existing equipment.

The vehicle interior shall facilitate easy interior cleaning. Edges where dirt, litter and water can
collect, shall be avoided. Floor covering should be continued up into side panels without

interruption, to prevent water leaking into the body structure.

14.6 Anti-Vandalism Concept

The vehicle interior and exterior shall be vandalism resistant and enable easy graffiti removal and

component replacement. The tenderer shall propose its specific protection methods.
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1.

1.1

111

1.1.2

1.1.3

1.1.4

1.1.5

1.1.6

INTRODUCTION

Purpose

The Design Criteria has been prepared as part of the technical studies under the Feasibility

Study for the Procurement of New Rolling Stock for Tbilisi Metro, Georgia.

This Design Criteria is intended as a key input document to the Basic Design phase that is
planned to follow-on from the Feasibility Study phase. This Design Criteria should be used

as a basis from which to commence the Basic Design for the new Rolling Stock.

The purpose of the Design Criteria is to establish and document the critical design elements
that the new Rolling Stock must comply with in order for the new Rolling Stock to be
integrated into the existing Thilisi Metro and operated in conjunction with the existing

systems and rolling stock.

Seamless integration and operation of the new Rolling Stock on Tbilisi Metro is a key factor
and consideration of the Feasibility Study’s technical experts. To realize the full benefit of
procuring the new Rolling Stock, it must be specified, designed, constructed, tested and

accepted into revenue service with minimal impact to Thilisi Metro’s existing operation.

Due to the age and condition of Tbilisi Metro, it is likely that to achieve seamless
integration of the new Rolling Stock, some of the Thilisi Metro’s legacy systems and
facilities, for example Depot Workshop equipment, will need to be modified or upgraded.
Modifications and upgrades that may be required are not included in this Design Criteria

but are described in the Feasibility Report prepared by the study team.

This Design Criteria has been developed early in the process and it has been based on:
1)  Review of the source documentation provided by Thilisi Transport Corporation
(TTC);

2)  Technical review meetings with local experts and TTC;

3)  Padeco’s technical team’s expertise and experience.
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1.2

121

1.2.2

1.2.3

124

1.2.5

1.2.6

1.2.7

Scope

The scope of this Design Criteria includes:

1) The Rolling Stock and its primary subsystems;
2) Performance;

3) Configuration;

4) Capacity & loading;

5) Operational modes;

6) On-board communications systems;

7) Safety; and

8) Reliability.

This Design Criteria also includes key considerations related to Human Factors specifically
related to the ergonomic design of the driver’s cab such that it can accommodate both the
existing controls and equipment as well as provisioning for the planned future upgrade of

the Train Control system (signalling) to GoA3/GoA4.

Human Factors related to the passenger saloon is also included within this Design Criteria,
specifically with regard to the arrangement of saloon, safe access and egress and

provisions for disabled passengers.

Environmental considerations are included in this Design Criteria as they apply to
passenger comfort (e.g. interior noise levels) and impact on passengers waiting at

platforms and other close neighbors (e.g. external noise).

Environmental considerations as they apply to the impact of the new Rolling Stock on the
environment that surrounds Thilisi’s Metro are addressed in the study team’s Feasibility

Report.

Testing, handover and acceptance is briefly considered within this Design Criteria from the
point of view of identifying key considerations that require early implementation.
Examples include a Test Track on which to conduct dynamic testing and safety assurance

documentation that is critical to handover and acceptance.

Maintainability and training that are important to handover and the on-going maintenance

are also addressed briefly in this Design Criteria.
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1.3

1.3.1

1.3.2

133

1.4

141

Interfaces

Interfaces between the new Rolling Stock and other sub-systems, for example Traction

Power, Signalling and Track etc. are not included in this Design Criteria.

Interfaces are defined in a specific rolling stock Interface Control Document (ICD) that has
also been developed as part of this Feasibility Study. Collectively, this Design Criteria and
the ICD form the technical description and outline requirements for the design of the new
Rolling Stock, therefore they must be read and implemented in conjunction with each

other.

For interfacing details refer to the current revision of the following document: Interface
Control Document — Rolling Stock to Multi Sub-systems, document number

TBL1-FSRS-SEI-INT-0001.
References

Reference was made to the following items in the development of this Design Criteria:
1) TTC General Requirements to Metro Cars;
2) Requirements List (developed for this study by Padeco);
3) Risk Register (developed for this study by Padeco);
4) Interface Control Document — Rolling Stock to Multi Sub-systems;
5) Responses from TTC to various Request for Information;
6) Technical data and materials provided by Padeco’s local experts; and
7) Information/data obtained from technical meetings with TTC and others.
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ABBREVIATIONS

AC Alternating Current

ALARP As Low As Reasonably Practicable
ASC Automatic Speed Control

ATO Automatic Train Operation

cC Cab Car

CCtv Closed Circuit Television

EMC Electro-magnetic Compatibility

EMI Electro-magnetic Interference

EN European Norm

GoA Grade of Automation

GOST Gosudarstvenny Standart (state standard/government standard)
IC Intermediate Car

ICD Interface Control Document

IHA Interface Hazard Analysis

ISO International Standards Organization
MDBF Mean Distance Between Failures
OSHA Operational Safety Hazard Analysis
PA Public Address

PHA Preliminary Hazard Analysis

RAM Reliability, Availability, Maintainability
SSHA Sub-system Hazard Analysis

TCMS Train Control & Management System
TTC Thilisi Transport Company

TETRA Terrestrial Trunked Radio

uIC International Union of Railways
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3. TRAIN CONFIGURATION

31 Train weight

3.1.1 Static Loads

Static loads shall be calculated according to applicable EN or GOST standards.

3.1.2  Maximum Axle Load

The maximum static load per wheelset (axle) shall not exceed 15 t.

3.1.3 Deviation of Static Loads among Wheelsets

Deviations of static loads among wheels shall not lead to safety critical situations at any point of

the line and the depot. Maximum acceptable decreasing of wheel load shall be <5%.

Safety against derailment shall be assured under all operating conditions and maximum possible

wear and tear and tolerances of trackwork and vehicle.

3.1.4 Weight

To minimize energy consumption, then cost, great importance shall be placed on achieving
practical design of minimum weight whilst meeting all specified structural and performance

requirements.

For client’s information specific weight reducing solutions shall be highlighted in the proposal,

which shall not subject of evaluation.

3.2 Consist

The trains shall consist in the basic configuration of 4 cars with 2 bogies for each car. Trains shall be
bi-directional, with doors on both sides and identical driver's cabs at each end.

All vehicles shall be equipped with Inter-Carriage Gangways to the next car of maximum possible
width and height. The two types of cars (cab car / CC and intermediate car / IC) shall be used.
Future extension of an additional intermediate car for a 5-car train configuration shall be
considered, technically prepared and proposed as an option.

33 Train Length

There are compatibility requirements with the existing train for train length and door arrangement

because platform length and platform screen door in future.
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4, TRAIN LOADING

4.1 Seating Arrangements

All passenger seats are arranged in longitudinal position for maximization of standing spaces. Seats

shall be convenient and easy to clean, maintain and replace.

Seat design and colours will be determined by the Purchaser, in combination with the vehicle

exterior and interior design.

Adequate handrails shall be easy to reach and shall enable safe passenger movements from and to

the nearest passenger door.

Tip-up and fold-down seats, if used, shall be safe in any position.

4.2 Capacity

Rolling stock capacity shall be specified according to the following definitions of the operational

load and specified main characteristics:

e AWO: Empty Load with driver

o AWI: AWO + all fixed and folding seats occupied

o AW2: AW1 + 5 passengers per m? standing area (for operational calculation)

e AWS3: All seats occupied and a load of 500 kg/m? for standing areas (crush load)
o AWA4: Specified according to applicable standards only for structural design and

loading tests of car body.

EN 15663 & EN 12663 or GOST 50850-96 & STO SDS OPZT-05-2010 are to be considered.
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5. OPERATING MODES

5.1 Normal Operation

Regular driving mode includes manual operation by driver under signal conditions. Platform

dispatch is only by the driver with support of train borne camera system.

Cameras shall be positioned on the cab ends of trains on both sides. The cameras shall allow full
supervision of the passenger’s boarding by the driver in any case of weather, temperature and light

conditions.

5.2 Degraded Operation
In case of signalling failure driving in line of sight is applied with a speed restriction of 20 km/h.

In case of a door failure the defect door will be isolated and mechanically locked in a mechanically

secure and absolutely reliable manner. By locking the door the green loop is closed.

5.3 Emergency Operation

In case of fire or terrorist attack during train operation, train should reach next station without

stopping in the tunnel for easy passenger evacuation.

5.4 Train Rescue

It shall be possible at any location of the line and the depot and under all ambient conditions to

e rescue an inoperable train (existing trains and new trains) in the maximum gradient at
straight and curved sections and under consideration of lowest friction coefficient caused
by humidity, dripping water, dust and other chemical films on the rail by push or pull
action by an empty train, uphill and downhill, and

e to hold in the maximum gradient an inoperable train with fully released or inoperable

brakes by an empty train.

The above shall include rescue of and rescue by existing trains. Full compatibility for mechanical
coupling and the pneumatic brake system is required.

Neither damage to rolling stock, track or fixed installations, nor any risk of derailment shall arise
from such operations at any section of the system, including any type of activated braking.
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6. TRAIN PERFORMANCE

6.1 Acceleration

Starting acceleration is < 1,2 m/s? (adjustable) up to dense crush load condition AW3, and jerk limit
is 0.65 m/s3.

6.2 Braking (Service Brake)

Service braking is used to reduce speed in regular conditions in compliance with comfort criteria
for all revenue load conditions. This braking must not cause regular and intensive stressing of

wearing elements.
Maximum service brake deceleration is 1,2 m/s? up to dense crush load condition AW3.

Service braking performances shall be achieved with only electro-dynamic braking from top speed
to low speed, in all conditions of line receptivity up to 100% (maximum regenerative brake). At low
speed (3 - 6 km/h) electro-dynamic braking shall be blended with the mechanical braking to stop

the train, wheel slip protection being active.

In partial receptive condition, the full electrical braking effort is achieved with rheostat braking in
complement. The dimensioning of the rheostats should ensure full availability during service

without temperature restrictions.

If dynamic braking is restricted the mechanical air brake shall support the operational braking. The
tenderer shall describe the limitations (run-time, speed) for different proportions of air brake
support.

6.3 Braking (Emergency Brake)

Emergency braking mode is provided to stop the train in case of safety reasons, detected failure
condition or signal system commands. Emergency brake is also applied if the safety loop is opened

and maintained until complete stop (v= 0 km/h).
Emergency brake deceleration is 1,4 m/s? up to dense crush load condition AW3.

Emergency braking uses primarily all the electro-dynamic brake and/or all friction brakes to bring
the train to complete stop from any operation speed. Wheel slip protection shall be active,

exceptions are to be nominated in the brake concept.

6.4 Regenerative Braking

Trains shall comply with the existing power supply and traction system. Trains shall use
regenerative braking. Tenderers shall familiarize themselves with the relevant conditions.

Regenerated energy shall be used only for train operation within the DC system
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6.5 Speed (Design Speed, Operating Speed)
The design speed is 90 km/h, and the operation speed is 80 km/h.

Performance requirements are based on Power supply at nominal value, running on straight and

flat track and half worn wheels.

Maximum operational speed

In AW3 load conditions, the train shall be capable of reaching its maximum operation speed with
residual acceleration of > 0.13 m/s? in order to keep a steady maximum speed for all operational

needs.

Reverse speed

Reverse speed for movements of a train in the depot or on the line for a specific operation, shall be

provided and automatically limited to 35 km/h.

Washing machine speed

A special speed regulation shall be provided for passing a washing machine with around 3.5 km/h

(2 m/s).

Change of the values for both speeds named above and other values for dynamic behaviour shall

be possible for the client without restrictions by using supplied free hard and software.
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7. TRAIN SUB-SYSTEMS
7.1 Carbody
7.1.1 General

Vehicles shall be compliant with the requirements of EN 12663-1 or GOST 50850-96 & STO SDS
OPZT-05-2010.

7.1.2  Crash protection
Vehicles shall be compliant to EN 15227 or STO SDS OPZT-05-2010.

For client’s information, which shall not be part of the evaluation process and is required only for
Client’s information, tenderers shall describe the installed crash protection systems and the

collision impact which can be absorbed by the structure of the proposed vehicle.

7.1.3  Front Design
The front design shall present a unique appearance of the metro system to the City of Thilisi..
Surfaces shall be free of edges and protruding elements and easy to clean.

7.1.4 Roof
The roof shall not carry technical equipment and shall therefore enable only for walking on
designated areas if required.

7.1.5 Intersection - Inter-Carriage Gangways

The intersections shall require minimum maintenance and sustain the ambient and climate
conditions of Thilisi. They shall provide noise protection and thermal insulation and sustain the

design life of the vehicle with not more than regular maintenance.

Intersections shall allow fast decoupling of vehicles in the depot and on the line in case of vehicle
rescue or re-railing actions. The maximum time for decoupling of vehicles by two persons must not

exceed 20 minutes.

Actions for complete decoupling incl. the bellows shall be described easily and shall be stated as
information, which shall not be part of the evaluation process and is required only for Client’s

information.
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7.2 Bogies

7.2.1  Bogie Design
All bogies shall be identical and fully interchangeable. The assembling into the opposite direction at
the same position in case of unequal wear of wheels and flanges must be possible with lowest
adaptions. The Tenderers shall describe necessary action and amount of working hours for the latter.
This is for client information only and is not for use in tender evaluation.

The Contractor shall verify this during maintainability demonstration. During service life, no cracks

shall appear anywhere in the bogie frame. Bogie frames shall be of a service-proven design.

Bogie to car body connection shall be by a centre pin. The bogie connection shall include features
to enable lifting the bogie together with the car body. When the car body is lifted, bogies shall

raise together with the car body, without disengaging any part of the suspension system.

7.2.2  Wheelsets

Wheels of monobloc types with a sufficient radial wear allowance of 2 40 mm in radius shall be

used.
Axles and wheels shall be designed and verified according to UIC and EN or GOST Standards.
The Contractor shall define and verify an optimal wheel tyre profile according to the rail profile

used.

7.2.3  Flange Lubrication

Leading bogies at cab end cars of half of all supplied trains shall be equipped with flange

lubrication for liquid, semi liquids and/or solid compounds.

Tenderers shall describe their provisions for flange lubrication devices. This is for client information
only and is not for use in tender evaluation.

7.2.4  Axle Bearings

Axle / wheelset bearings shall transmit all necessary forces under all operating conditions, shall

support noise and vibration minimisation and shall provide connectivity for traction return current.
If the vehicle body is lifted or jacked, bogies / underframes shall not unintentionally separate from
the body.

7.2.5 Suspension

Vehicles should have two suspension levels:

e primary suspension (between bearings and underframe / bogie frame)
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e secondary suspension (between bogie frame and car body).

Tender shall explain the technical solution comparing to the maintenance efforts. This is for client

information only and is not for use in tender evaluation.

7.2.6  Couplings
Couplings used in running gear (between gearbox and traction motor) must be oil-free and

maintenance-free.

7.2.7  Third rail current collector

Third rail current collector is fixed before primary suspension and must be height adjustable.
7.3 Couplers

7.3.1  Front - End Coupler

It shall be possible to connect two trains, if one is in degraded condition, mechanically and
pneumatically at any section of the mainline. Coupling shall be possible without any manual

assistance and intervention.

The tenderer shall propose a coupling concept considering rescue actions with existing train

generations and also for train positions in curves and s-curves.

Couplers shall be operable under any ambient condition. The coupler shall be at usual height, to

enable mechanical coupling with all generation rolling stock.

The actual fleet is using coupler type 717 and 714 (Scharfenberg design).

7.3.2 Intermediate Couplers

Coupling between cars of a train (intermediate coupling) may be by specific mechanical

short-couplers as proven connection (semi-permanent couplers).

Coupling and decoupling may be executed with specific tools. For damping and crash protection
specific devices shall be installed. Electrical connections are separated. An uncoupling on the

mainline shall be considered for rescue actions and adaptors for shunting should be provided.
7.4 Propulsion

7.4.1 General conditions

The performance requirements are based on a maximum adhesion coefficient of 0.16.

7.4.2  Nominal Performances

The nominal performances are given in AW2 load condition and with all motor bogies in service:
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e Average acceleration rate up to 40 km/h: > 1,26 m/s?
e Jerk limit nominal: 0.65 m/s3 (adjustable from 0.6 to 0.9 m/s3)
7.4.3  Fall back operation

With power being reduced to any kind of failure equal in consequence to > 25% of motor bogies
failure and with the train in AW3 condition, it shall be capable of starting at an acceleration of

0.2 m/s? at any section of the line.

For power reduce of > 0% and < 25% the train shall be capable to operate under regular service
conditions and AW2 for unlimited time till end of revenue service. Potential restrictions should be

listed by the tenderer.
7.5 Traction

7.5.1 Traction System & Interfaces

The traction system shall sustain revenue operation over more than a full operating day at full

capacity, and shall be safe under all ambient and operating conditions in Thilisi.

The supplier shall coordinate the traction system, earthing and overvoltage protection of the
vehicle with the traction power system supply by the third rail.

7.5.2  Failed Vehicles

The traction system shall enable to rescue failed trains at least until the depot or a siding is
reached, from any point of the line.

7.5.3  Current Collection

On each motor bogie there are installed 2 pick-ups on each side of the vehicle which ensure the

connection to the traction power supply of the third rail.
The collector is of retractable (hinged) type, with pneumatic and manual operation functionality.
For train power supply in the workshop and stabling areas connecting devices to stingers are
required.

7.5.4  Traction Motors
Three-phase AC motors shall be used.

No danger shall arise from currents generated by traction motors during any push or pull

operation.

Page 16 of 38



&R 2 Design Criteria

7.5.5 Brake Resistors

Braking energy if not returned to the power rail shall primarily be used for heating/cooling of the
vehicle interior and for other on-board systems. If and when necessary, and the remaining energy
shall be released to the environment by resistors. Continuous operation without restrictions shall

however also be possible with rheostat braking only.
7.5.6  Return Current

Traction current return through rails shall be reliable and safe under all operating and ambient
conditions.

7.6 Auxiliary Power

7.6.1 General Requirements

The tenderer shall present a common used low voltage concept, designed and installed in similar

trains.

The low voltage system shall at least support
e all necessary on-board functions during revenue operation,
e all necessary control and communication functions under degraded operation,
e interior and exterior lighting including emergency lighting and

e passenger doors.

Radio communication shall still remain possible when all other systems are not operational.
A 230V AC system shall include 230 V AC sockets in the passenger compartment for cleaning and
testing purposes. The 230 V plugs shall be isolated during revenue service.

7.6.2 Degraded Conditions
All functions which are safety critical and/or essential for operation shall remain available under
degraded conditions and traction power failure at least until the depot is reached.

7.6.3  Battery
The battery shall be designed to provide 30 min ventilation, with 50% performance.

Battery charging of complete discharged batteries shall be possible directly from traction power

and without supply of external energy/voltage.

Tenderers shall specify their battery type / technology. The provided specifications shall not be

used for the evaluation purposes and are required only for Client’s information.
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7.7 TCMS

7.7.1 On-Board Information System

Vehicles shall enable and support an on-board information system controlled from driver cab units

(e. g. IBIS system). An open system shall be used.

Visual and audible information systems as well as automatic vehicle location shall be fully

supported. Details will be specified at a later design stage.
Information shall not be lost when driver's cabs are shut down or during reversing at termini.

Data read-out and downloading shall be easily possible by the operator's personnel without

proprietary equipment.

Tenderers shall propose the wireless communication between the trains and information transfer

devices on the mainline and in the depot area for automatic status transfers and data updating.

7.7.2  Fault Detection System

A fault detection system shall indicate faults on the driver display and shall distinguish at least
between

e safety critical

e critical to operation and

e non-critical events.

Automatic detailed failure data downloading to a depot and maintenance management system at

the entrance of the depot zone system shall be supported.

7.8 Event Recorder

Safety critical action by the driver shall be recorded and stored with the corresponding data (time,
distance, location, type of action) for evaluation by both the operating company and the
authorities involved. Data storage shall be safe and easily accessible in case of accidents including
collisions ('black box'). Driver access to the data shall not be possible. Storage capacity shall be for

one week operation.

7.9 Future Provisions for GoA3/4

Design, construction and operation of Thilisi's metro system is actually based on GOST and SNiP
standards and their subordinate regulations. Upgrading of the metro system is however under way,

with a transition largely to European Standards.

Both operated lines have conventional signalling systems, Line 2 is upgraded with a Tetra based
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installation. A modernization and harmonization for both lines is in preparation and expected in
mid-term future.

ATO up to GOA 3 / 4 shall be considered for later future and preparations for additional control
equipment shall be considered in the proposal. For driver’s convenience an integrated ASC system

is required.
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8. COMMUNICATIONS & PASSENGER INFORMATION SYSTEMS

8.1 Radio

The delivered trains must be fully compatible with existing equipment for radio as described

below.

There are forty three “PTC-A24M” stationary radio stations located on both sides of the metro line,
which are installed at 10 stations, namely: Samgori, 300 Aragveli, Liberty Square, Station Square 1,
Guramishvili, Akhmeteli Theater, Station Square 2, Tsereteli, Medical University and

Vazha-Pshavela.

For the two-way radio communication link between the driver’s cab and the traffic dispatcher,
there is a 4 mm "BCM-1" bimetallic wire (waveguide) located on the brackets installed on the arch
of the metro tunnel. As for the Rolling Stock, on the roofs of the cab cars, there is a longitudinal
bimetallic wire of 13 m long, 8 + 10 mm in diameter. Frequency of 2444 kHz is used on the main
line, and 2644 kHz for Saburtalo line. In the cab cars, in the technical room behind the driver's cab,
there is a "42PTM" type radio station manufactured in the Russian Federation, c. Novosibirsk, JSC

"Zavod Elektrosignal".

On Saburtalo line, State University - Station Square 2 as well as on the main line, Station Square 1 —
Grma Ghele portal and Depot Nadzaladevi Station section in parallel with the old radio
transmission system, operates TETRA Standard Radio Broadcasting System, using 411.725MHz,
4211.725MHz, 413.325 MHz, 423.325 MHz, 413.750, 423.750 MHz, 414.150 MHz and 424.150

MHz, frequencies.

For the radio communication purposes on the Saburtalo line, a console with Hytera software has
been installed in the Traffic Dispatcher and the stations are installed with TETRA standard Hytera
base stations, “TS-9200 350M” type, “BDA Local” and "TS-9200" type "BDA Remote" with dual

amplifiers to be connected via coaxial cables:

Stations State University - Vazha Pshavela and stations Vazha Pshavela - Delisi first-line 7/8 " leaky
waveguides (leaky feeders), and as for the other stations next to the “TDJ-400Z8 400 to 480 MHz”

type antennas.

For Saburtalo line, in the driver’s cabs, there is a "MT680 Plus" mobile radio station adopted with
"TETRA standard" produced by Hytera. For the reception and transmission of digital radio signals,
"OmPlecs®-TOP 200 AMR 0.7-B -2" antennas are mounted on the roofs of the driver’s cabs, which

are interconnected by coaxial cable.
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8.2 Public Address

The public address system shall allow communication between driver and passengers.
Pre-recorded announcements of stations shall be automatically activated. Activation and
preparation of other languages in addition to the Georgian language shall be possible by the

operator.

The driver shall have the ability to address passengers at stations.

Audible information shall duplicate optical information, in line with universal design principles,
shall be anticipated.

8.3 CCTV

Each and every component/equipment of the CCTV system installed in the metro cars shall be
compliant with the following railway standards: railway standards EN 50155, EN 50121-3-2 (EMC),
EN 60068 (temperature/climate), EN 61373 (shock/vibration), EN 45545 (fire protection).

e 1 camera shall supervise line (shall be installed either on the windscreen in the driver’s
cab or on front of the driver’s cab).

e The number of cameras required for the saloon supervision of each car shall be agreed
with the Purchaser, depending on the design of the car and the characteristics of the

cameras. A full coverage is required.

e Each camera shall be digital: minimum 2 Mp, minimum: 12 shots per second and with
H.264, H265 standard support or equivalent.

e Record and store data for a pre-defined period, not less than 2 weeks / 336 hours per
each recorder equipment.

e Records shall be stored at least on 2 recording equipment (1 recorder unit).

e Each metro car shall be equipped with redundancy cable network, connected to the
commutators and placed on pre-defined areas. Also at least 2 units of network ports shall

be reserve in each metro car.
e Atleast 2 redundancy network cables shall be laid between the metro cars.

e CCTV system shall be separated from other systems and CCTV equipment shall be
independent from other systems equipment.

e Manufacturer’s name of the camera or any camera feature shall not be identifiable for

passengers.

e 2 units of video recording equipment shall be installed in the driver’s cab and connection

shall be made with authentication protocols.
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8.4 Passenger Information Systems

8.4.1  Exterior Displays and Audible Installations

Route, destination and train order displays shall be provided on the front end. Displays shall be
readable under all ambient conditions in Thilisi. Readability of displays shall be coordinated with

exterior, esp. nose design.

When shut-down for reversing, information displays shall remain active.

8.4.2 Interior Displays

Interior displays shall be provided in reasonable numbers and size which shall at least:
e Be dedicated for special transportation vehicle (vandal proof, vibration proof, water and
dust resistant);

e Enable the operator to select from Pad/Monitor the next station, previous station. In
addition all station names shall be listed and upon the selection of each station all
monitors shall visualize respective video and synchronized audio signal. This information
shall be synchronized and delay for announcement shall not exceed 1 second. Video and
audio signals shall not be interrupted and or lost;

e Be easily editable the station data by the personnel (name, video image and audio file)

e indicate the next stop whilst the vehicle is in motion, and the route number and
destination whilst the vehicle is stationary in a station;

e split-screen or by changing frames advertisement;

e Display Georgia/English fonts

8.4.3 Voice and Data Radio

The voice radio system shall enable communication at least

e between the operation control centre and the vehicle/driver (voice and data radio).

The data radio system shall support automatic vehicle monitoring by the operation control centre.

Details will be specified at a later stage.

8.4.4  External Loudspeakers
For vocal passenger information and warning loudspeakers shall be installed close to the passenger

doors. The system should have automatic level control to adjust ambient noise level.

8.4.5 Passenger Intercom
An intercom between passengers and the driver shall be provided adjacent and/or opposite to

each 2" doorway. Communication shall be controlled by the driver.

Page 22 of 38



&R 2 Design Criteria

8.4.6 Passenger Emergency Device
A passenger emergency device shall be provided adjacent and/or opposite to each doorway.
Passenger emergency brakes and emergency door handles shall be in the same place, where

applicable.
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9.

9.1

9.11

9.2

9.2.1

9.2.2

9.2.3

9.24

9.2.5

RELIABILITY, AVAILABILTY & MAINTAINABILITY

General

Reliability, Availability and Maintainability (RAM) figures used in this Design Criteria have
been derived from the source documents provided by TTC. Specifically, the figures
provided in the document “General Requirements to Metro Cars” have been used. These

figures are indicative only and should be verified as part of the Basic Design stage.
Mean Distance Between Failures (MDBF)

MDBEF is a key metric that measures the overall reliability of the new Rolling Stock, it is a
metric used by many other similar metros worldwide. To optimize the rolling stock design
and avoid over-designing non-critical components, the MDBF figure is typically considered
in conjunction with the impact/consequence of failures. This approach allows failures or
events that could potentially cause unsafe situations or major impacts to train operation to
be specified at greater mean distances than those events or failures that cause minimal
impact. A common method of classifying impact of failures is to assign a range of

categories to a range of failure types.
Categories of failures

For this Design Criteria, the categories and definitions provided in the “General
Requirements to Metro Cars” have been used:
1) Category A (highest, most stringent): Failures that have the potential to affect
safety;
2) Category B: Failures that have the potential to affect operational reliability;
3) Category C: Failures that have the potential to affect passenger comfort; and
4) Category D (lowest, least stringent): Failures that have the potential to cause no
immediate loss of function.

MDBF — Category A & B

For category A&B failures, the new Rolling Stock shall have a MDBF of 500,00km

MDBF — Category C

For category C failures, the new Rolling Stock shall have a MDBF of 100,00km
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9.2.6

9.3

9.3.1

9.3.2

MDBF — Category D

For category D failures, the new Rolling Stock shall have a MDBF of 50,00km
Maintainability

Subject to any modifications and improvements identified in the Feasibility Team’s
Feasibility Study Report, the new Rolling Stock should be able to be maintained by trained

staff at the existing maintenance facilities and workshop.

As the supplier of the new Rolling Stock has not yet been identified and since the
maintainability of Rolling Stock is unique to each supplier, it is not appropriate to include
maintainability figures in this Design Criteria. In place of maintainability figures, this Design

Criteria specifies the following:

1) The successful supplier of the new Rolling Stock should conduct a maintainability
analysis that demonstrates that the availability/reliability figures, as expressed as

Mean Distance Between Failures above, is achieved by their rolling stock.
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10.

10.1

10.1.1

10.1.2

10.1.3

10.1.4

10.1.5

10.1.6

10.1.7

SAFETY & QUALITY

Hazard Management

The purpose of Hazard Management is to:

1) Identify safety risks associated with the procurement, design, assembly,
manufacture, testing, handover and acceptance of the new Rolling Stock;

2) Generate safety requirements;

3) Apportion safety control measures or mitigations to systems, people, processes
and organizations to ensure safe operation of the new Rolling Stock; and

4) Provide a means to demonstrate safety compliance.

Identification of hazards is fundamental to safety management. Where hazards are not
identified, they cannot be managed and, as necessary, designed out or mitigated.
Therefore, it is crucial to the design of the new Rolling Stock that all potential hazards are

identified, recorded and managed in a project specific Hazard Log.

Hazard management should consider all stages of the project lifecycle and include people,

processes as well as the Rolling Stock and it’s associated systems and subsystems.

Hazard management should address the risk to the existing system and to the metro

environment within which the new Rolling Stock will be operated.

All hazards should be recorded in the Hazard Log. The Hazard Log is to be implemented as
part of the future Basic Design at the outset of the procurement of the new Rolling Stock.
The Hazard log should be maintained (and updated as necessary) throughout its design,

manufacture, assembly, testing, handover and acceptance.

Key activities related to hazard management that should be conducted in parallel to

preparation of the Basic Design are:

1) Preliminary hazard identification;

2) Preliminary Hazard Analysis (PHA);

3) Interface Hazard Analysis (IHA);

4) Operational Safety Hazard Analysis (OSHA); and
5) Sub-system Hazard Analysis (SSHA).

Hazards identified should be assessed to determine the risk of the hazard in terms of its
likelihood and consequences. All risks should be assessed and reduced to as Low As

Reasonably Practicable (ALARP). The Hazard Log should be updated as hazards are
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10.1.8

10.2

10.2.1

10.2.2

10.2.3

10.2.4

10.3

10.3.1

10.3.2

10.3.3

assessed and mitigations defined or as new hazards are identified and assessed.
Implementation of the principles, approach and processes set out in EN50126 is

recommended.

The outcome of the Hazard Management process, and evidence created throughout its

implementation is essential to support the Safety Case.
Safety Case

The Safety Case provides formal and documented evidence that the new Rolling Stock is
safe for its intended operation on the existing Thilisi metro. The Safety Case relies upon the
collation of evidence, performance of tasks and the creation of a comprehensive set of
documentation that is incrementally prepared throughout the project lifecycle. As a
consequence, work on establishing the Safety Case should commence at the time of
procurement of the new Rolling Stock and continue throughout its design, manufacture,

assembly, testing, handover and acceptance.

The European Standard EN50126 provides guidelines for developing the Safety Case and as

such it is recommended that this standard be adopted and followed.

Review and approval of the Safety Case is likely to require involvement of the various
authorities in Tbilisi in addition to TTC. To ensure that the Safety Case meets all
stakeholders’ requirements, it is crucial to identify all relevant stakeholders at the
commencement of the project, establish their needs and requirements and include them

in the task to develop the Safety Case.

Further information on the Safety Case, the approach to its development and safety

certification is included in the Study Team’s Feasibility Report.
Fire Protection

The fire-safety protection, evacuation and rescue design concept for passengers shall be in

accordance with the current EU standards e.g. NPB 109-96 or equivalent for metro trains.

The train and its components shall be designed, verified and validated according to EN

45545-1-7 or GOST 50850-96 & NPB 109-96 standards.

Materials shall be of low flammability and non-toxic. Fire loads shall be reasonably

minimized with regard to operation in tunnels. All materials used in the vehicles interior
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10.3.4

10.3.5

10.3.6

10.4

104.1

10.4.2

shall be tested in accordance with respective test procedures relevant fire safety standard

and must comply with the performance criteria.

The floor assembly, including supports, penetrations with fasteners, conduits, pipes and
floor to wall connections, shall perform as a fire separation barrier for a minimum period

of 30 minutes after an under car fire has started.

Roof fire resistance shall be verified in accordance with I1SO 834-1 or NPB 109-96.

The fire alarm system shall be designed in accordance with EN 45545 or NPB 109-9..
Quality

All work shall be managed in accordance with EN 1ISO9001

The Rolling Stock supplier shall prepare and submit a Quality Management Plan that sets
out their approach to quality and application of the EN 1ISO9001 quality system.
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11. HUMAN FACTORS

111 Ergonomics

11.1.1 Ergonomic design of the cab is crucial to the safe and efficient operation of the rolling stock.

Therefore, the new Rolling Stock should be designed in accordance with European Health

& Safety regulations and guidelines. During preparation of the Basic Design the application

of the following standards should be considered and assessed:

1) EN 547-3 Safety of Machinery — Human Body measurements — Part 3:
Anthropometric data.
2) EN 894 Safety of Machinery — Ergonomic requirements for the design of displays
and control actuators
3) UIC651 (E) Layout of Driver’s cabs in locomotives, railcars multiple unit trains
and driving trailers
11.2 Driver’s Cab

11.2.1 The design of the driver’s cab of the new Rolling Stock should be in accordance with the

following principles:

1)

2)

3)

4)

5)

6)

7)

The position of the driving desk should be the same as the existing Thilisi Mtero
rolling stock;

Enable the driver to pay attention to the lineside signal aspects and their
interpretation;

Enable the driver to perform all train operations without being distracted from
observing the lineside signals;

The driver’s seat should be designed such that it allows the driver to undertake all
normal driving functions in the seated position;

The driver’s seat should be designed in accordance with the anthropometric data
applicable to the Georgian population;

Safety related and/or frequently used equipment should be located between the
minimum and maximum of the radius of the anthropometric accessibility of the
driver;

Information provided to the driver should be within the recommended field of

vision.
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11.2.2 The design of the driving console of the new Rolling Stock should, as far a possible follow
the general layout of the existing rolling stock. However, where possible, the following
principles should be followed:

1) All displays should have a similar user interface;

2) Information that is not essential for driving should only be presented if it has an
impact on operation (e.g. state of the train, failure etc.);

3) Elements that are not needed during driving should not be located on the driver’s
control desk;

4) Operating elements of the same function should be grouped together;

5) Each action of the driver should have some form of feedback, e.g. visual, audio or
kinesthetic. The driver should be confident of the function activated;

6) Shape, colour and location should be used to distinguish different functions;

7) Key elements related to driving, e.g. speed, traction, braking and signalling
information shall be located within the driver’s main field of vision.

11.3 Saloon

11.3.1 The design of the saloon of the new Rolling Stock should be in accordance with the
following principles:
1) Allow safe access and egress from the train under both normal and emergency
conditions;
2) Provide at least 1 space in each car for wheelchairs;
3) Provide at least 1 multi-purpose are per car;
4) Provide a passenger emergency device adjacent to each doorway;
5) Provide a passenger intercom between the passenger and driver, located adjacent
to each 2" doorway;

11.3.2 Floor height
Height deference from platform should be as small as possible in order to realize smooth getting
on/off of wheelchair. Air suspension of bogie has leveling function to keep constant floor height,

height deference is only caused by primary spring of bogie based on load condition.
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12. ENVIRONMENTAL CONDITIONS
12.1 Ambient Conditions
12.2 Noise

The Tenderer shall propose an acoustic concept and shall verify the defined parameters during
commissioning of the trains in accordance with I1SO 3095 and I1SO 3381 or GOST 50850-96 and the

requirements below.

Tenderers shall propose verification methods.

Noise Level Limits

Maximum noise level
Location and Conditions
[dB(A)]

Inside, passenger compartment; standstill ventilation working at

<70
maximum normal power
Inside, passenger compartment, moving at 60 km/h constant speed,
1.5 m above car floor, ventilation working at maximum normal <76
power
Inside driver’s cab standstill and air conditioning working at

<68
maximum normal power
Inside driver’s cab, 60 km/h and air conditioning working at

<74
maximum normal power
Outside, standstill, driver’s air conditioning and passenger

<70
compartment ventilation working at maximum normal power

12.3 EMC/EMI

The tenderer shall provide an EMC concept assigning an EMC responsible person resolving all EMC
related matters regarding electrical and structural equipment of the rolling stock, including the
measures required to comply with the EMC requirements and the applicable standards, such as EN
50121 or GOST 33436.3-1.

The EMC concept shall reflect all EMC relevant data and evaluation. The EMC Concept shall

particularly provide all arrangements to be made for compliance with signalling and

telecommunication equipment.
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13.

13.1

TESTING, HANDOVER & ACCEPTANCE

Testing

13.1.1 To mitigate integration risks related to the new Rolling Stock, existing signalling system and

13.1.2

13.1.3

13.2

13.2.1

traction power the new Rolling Stock must undergo a series of static and dynamic tests
prior to acceptance and operation on the existing Thilisi metro. Whilst static testing can be
performed at the manufacturer’s facilities, dynamic tests, by their very nature, require a
length of track (test track) that allows the rolling stock to be driven and operated as close

to normal operating speeds as possible.

To facilitate early integration testing between the Rolling Stock and other subsystems and
dynamic testing a length of test track needs to be made available. It is ideal if this test track
is available at the manufacturer’s facilities and this requirement should be considered

when selecting a supplier to manufacture/assemble the new Rolling stock.

In the event that a test track is not available at the manufacturer/assembly facilities, then
arrangements need to be made with TTC to allow dynamic testing of the new Rolling Stock

using a section of the existing metro.
Test Documentation

Documentation to plan and record the outcome of tests is required. This documentation
should include:
1) Test Schedule;

2) Test Plan;

3) Test Procedures;

4) Test Reports; and
5) Master Test List.
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13.2.2

13.2.3

13.2.4

13.2.5

13.2.6

13.2.7

13.2.8

13.2.9

13.2.10

13.2.11

Test documentation is not a set of static documentation, the test documentation should be
considered as active documents. As active documents, they should be kept up-to-date and
amended (as necessary) in response to the execution of the tests and any circumstances

that cause change to the testing.

The Test Schedule should set out the planned testing activities, sequence of tests, planned
duration of each test and inter-dependency of testing activities together with key dates,

milestones.

The scope of the Test Schedule should include static tests, dynamic tests as well as system

integration tests that are required to verify the integration of the new Rolling Stock.

Should dynamic tests require the use of the operational metro (or a section thereof), the
management, safety, access, test execution and scheduling of the tests should be

coordinated with TTC.

The Test Plan should describe the approach to testing, the test organization,
responsibilities, test evidence and verification of tests against requirements. The Test Plan

should include the Test Schedule.

The Test Procedures should be prepared for each planned test. The Test Procedure should
describe the test method(s), test steps, the pass/fail criteria, test environment &

conditions and method for recording the test outcome.

Test Records are required as evidence to support the Safety Case, handover and
acceptance. Test records for all tests (static & dynamic) should be produced to record the

outcome of each test.

The Test Record should record the test environment and conditions at the time of the test,
the personnel responsible for performing the test, test equipment, date, time and test

outcome.

The Test Record should include a method to link/trace the test to the requirement(s) that
the test satisfies together with a method for the test personnel to verify that the test

fulfills the overarching requirement(s).

A Master Test List should be maintained to record and track the status of the planned tests

and respective outcomes.
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133 Handover & Acceptance

13.3.1 Handover and acceptance of the new Rolling Stock must be planned sufficiently in advance
of the planned delivery. This is to provide sufficient time to prepare and assemble the
necessary supporting document. It is anticipate that a minimum of 18 months will be
required. Supporting documentation should include:

1) Safety case completed and approved;

2) Evidence of successful test outcomes;

3) Resolution of any major outstanding items;

4) Completion of training and proof of training;

5) Availability of spare parts and materials;

6) Completion of modifications (as necessary) to the Depot/Workshop needed to
maintain the new Rolling Stock; and

7) Handover and acceptance documentation, approved and signed by TTC and
any other relevant parties.
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14. MAINTENANCE & TRAINING

14.1 Maintenance

For client’s information tenderers shall provide maintenance / replacement intervals for the
following components, which shall not be evaluated:

o Wheelsets and components

e Braking systems and components

e Lubricants

e Intersection and Couplers Components

e Dampers

e Wearing parts of doors

e Filters

Tenderers shall propose additional maintenance arrangements based on availability criteria and

describe corresponding references and experience.

Tenderers shall determine and propose the set of capital spare parts necessary to fulfil the

proposed availability and specify cost and delivery time.

To allow proper maintenance a state-of-the-art diagnostic system is to be provided. Remote
information transfer shall be included.

14.2 Maintenance Concept

The tenderer shall provide a specific concept for preventive and corrective maintenance of the
new trains which shall fulfil the applicable legal regulations and technical standards, and satisfy the

availability criteria.
14.3 RAMS Requirements

14.3.1 Mean Distance Between Failures (MDBF)

The following MDBF figures [train km] shall be achieved as a minimum:

e A+B- Category: 500,000 km
e (- Category: 100,000 km
e D - Category: 20,000 km.

The categories are specified as:
e Category A: Failures that can affect safety.
o (Category B: Failures that affect operational reliability.

e Category C: Failures that affect passenger comfort.
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e Category D: Failures that cause no immediate loss of function.

Special attention shall be paid to the following components and assembly groups:
e Drive and brake control unit
e Traction motors
e Compressor for air-supply and

e Passenger Doors.

14.3.2 Availability

Thilisi Metro requires trains that are of mature design. Untried and/or untested technology is not
acceptable. Mature design means that all designs of components, technology, and software in the
offered train must have been in revenue-earning service for a minimum of six months prior to the
offer. The tenderer shall provide written evidence of these facts that shall include the quantity of
similar cars already in service with the same components, technology and software and their

locations and the names of the owning railway entities.

14.3.3 Maintainability

The Tenderer shall undertake maintainability analyses to assess the preliminary maintainability

targets of the trains.

The Contractor shall state the maintainability requirements, and demonstrate that maintainability

is sufficient to support the required train availability and reliability.

The Contractor shall demonstrate that maintenance errors have been considered, and, as far as

practicable, appropriate engineering has mitigated the risk of maintenance-induced faults.

To optimise corrective maintenance, techniques employing automatic diagnostics tests and
efficient rapid repair procedures shall be described and established. Maintainability is not part of

the evaluation process and is required only for Client’s information.
14.3.4 Safety Requirements

Trains shall present a safe, hazard-free environment to passengers, staff and the public.

Passengers and staff shall not be exposed to tripping hazards, sharp points and edges, lethal or

injurious voltages, toxic materials, abrupt or unexpected accelerations, or similar hazards.

Location, illumination levels, colours, graphics, and surface finishes shall be selected to enhance
visibility of trip edges, windscreens, controls, and other potential hazards with which the

passengers and staff come into contact.
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Normal and emergency equipment and controls that passengers or staff may be required to
operate shall be clearly identified, and where required, operating procedures shall be presented in

adequate manner.

Operating and maintenance manuals, procedures, and training shall explain the correct handling,
storage, and disposal of hazardous materials. Exposure of maintenance personnel to lethal or
injurious voltages shall be reduced through compartmentalisation, interlocks, and similar

measures.

All equipment shall be free from sharp points and edges. All equipment containing hazardous
materials, lethal or injurious voltages, or other risks shall be clearly marked on both the outside

and inside of the equipment in adequate manner.

14.4 Interchangeability

All aggregates, components and wearing parts shall be interchangeable between vehicles without
modification. In order to keep the operational and maintenance costs as low as possible, the

application of non-variable parts is of great significance.
Interchangeability is not part of evaluation process and is required only for Client’s information.
Time required to change the following components (including putting into service and adjustments)
shall be stated by the Tenderer:

e Bogie

e Wheelset incl. motor

e Brake pads

e Brake actuators

e Traction inverter

e Auxiliary inverter

e Pick-up

e Air-Con unit for driver’s cab

e Windscreen

e Lateral windows

e Passenger door system

e Passenger door leave

e Passenger door drive/controller

e Passenger seat
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e Driver’s seat
e Windscreen wiper
o Windscreen wiper drive and motor

e Coupling and Decoupling of intersections

If required by the Purchaser, these times shall be demonstrated on site by the Supplier.

14.5 Washing and Cleaning

The vehicle exterior shall be suitable for mechanical washing with existing equipment.

The vehicle interior shall facilitate easy interior cleaning. Edges where dirt, litter and water can
collect, shall be avoided. Floor covering should be continued up into side panels without

interruption, to prevent water leaking into the body structure.

14.6 Anti-Vandalism Concept

The vehicle interior and exterior shall be vandalism resistant and enable easy graffiti removal and

component replacement. The tenderer shall propose its specific protection methods.

Page 38 of 38



WAHE L3 Traction Power Simulation

The Study of the Procurement of Rolling Stock for Thilisi Meto in Georgia

Traction Power Simulation

Tbilisi Metro Line 1

Comparison of Operations with New & Existing Train Fleets

Document Number: TBL1-FSRS-REP-TRP-0001

# Revision Date

01 Draft Report 8/1/22
01.1 Minor edits to fix typos 14/1/22
02 Final Report 25/1/22

Date: 25" January, 2022

Page 1 of 55



WAHE L3 Traction Power Simulation

TABLE OF CONTENTS

EXECUTIVE SUMIMARY......cuiiiiiiiieiiiiiieiinesiesiiessiessiessiessssssssssssssssssssssssasssssssassssssssssssssssnsssnsesnness 3
1. INTRODUCTION ...ccieiiiiiiiiiiiiiiieiiiiieicenetestastastassestessssstassassassessssssassassassesssssssssassassassssssnssnnsns 4
2. DATA COLLECTION AND INTERPRETATION ....cuiuiiiiiiiiiiniieiieiienceecsnsiasiosiecescssssassassasssscsnssnnsans 4
2 R (oYU} (I =1 - S 5
2.1.1.  Station iNfOrmation ..........eeiiiiiiiiiiii b ————————————————————————— 5

2 0 A € - o 1= o | S 5

2 0 TR o =Y =Y o I T2 0 NS 8

2.2. Rolling stock data (3 flEELS) .ueeeeeiieeiieeeeee e e e e e 10

P T O T 1= T - 1 o g W - - [P OPUUPPR RSP 13
D oIV T N a1 a VY (o] o o F- | = P PPPPPPPPRt 14

3.  TRAIN MOTION SIMULATION RESULTS .....cccitiiiuiieniieniieeiieeiieeiisssissnissiessssssssssrsssssssssssassses 15
3.1. Akhmeteli Theatre to Varketili (up-direction) results.........ccccoeeuveeeieiiieeecniiiee e, 15
3.1.1. Speed Profile (3 trains) ...cceeecc ettt e e e ae e e 15
3.1.2. Mechanical power profile (3 trains)......cccccuiieiriiiiee e e e e 17
3.1.3.  Acceleration profile (3 trains) .....ccceccueeeiiiiiiie e 19

3.2. Varketili to Akhmeteli Theatre (down-direction) results........cccccueeeveiieeeeiniieeeeecieee e, 21
3.2.1.  Speed Profile (3 trains) cccceeeeeeeeeeieeeeeeeee e nn 21
3.2.2. Mechanical power profile (3 trains)...cccceceeeeeieeiieeiieeieeceie e 23
3.2.3. Acceleration profile (3 trains) ..cccceeeeeeeeeieeiieeiieeieecerece s 25

oI TR 2 (=T U] oo 0 o o =L 1Yo 27
3.3.1. Akhmeteli Theatre to Varketili (up-direction) results.......ccoooeeeeieeiieeiieeiieeiieecccceeeennns 27
3.3.2. Varketili to Akhmeteli Theatre (down-direction) results........ccooeeeeeeeieeiieeiieeiieeiiecennnn. 28

4. TRACTION POWER NETWORK SIMULATION ....cccieuiirmiirncrncrncrnncrnssiassiessssssssssssssssnsssnsssnsssns 30
4.1. Substation resSUltS ... 30
1 R = U 30
1 A | I U 32
I TR |V I AU 34

4.2, Train reSURS .o, 36
R = U 36
A |\ I U 38
N T |\ I AU 40

4.3. Feedercable loading .......ccoo oo 42
4.4. Substation loading percentage .........ccceeeiiiiiie 44
4.5, Fault simulation, Mid-lIN@........couuiiiiiii e e e e e e 45
4.6. Fault simulation, @NA-TIN@ .......coouuuiiiie et e e e e e 47
4.7. Off-peak time simulation..............cc 49
4.8. Summary result CompariSoN.........ccceei i, 50
5. CONCLUSIONS & RECOMMENDATIONS.......cccceiiiiiiimmmmmmmnssiiiniimeesssssssssssssissesssssssssssssssssssssnes 51
6. APPENDIX .. ciiieeuueiiiiiiiiiiiiennnnsiiiiiiiiimesssssssssssismmmeesssssssssssstmmessssssssssssssssssssssssssssssssssssnnsssssssss 52
6.1. Thilisi Metro - General Description & Station LOCations..........cceeeeeeeiveciiiiieeee e, 52
6.2. Thilisi Rolling Stock Data_for Simulation 2022.01.09........cccccviiiiiieeieeiciieeeeee e 53
6.3. Thilisi Metro - Inter-station run and dwell times ........ccooovvviiiiiiiiiei e, 54
L I L G U] o1y = o o J O o = Lo Y 55
6.5, VICUIVE & DIiOde Data....cc.uuvieiiiiiiiiiiiiiiieee e e e ettt e e e e e s s sare e e e e e e e e s saaaraeeaeaeeessnnsananeeeas 55

Page 2 of 55



WAHE L3 Traction Power Simulation

EXECUTIVE SUMMARY

Performance of the existing traction power system for Line 1 of the Thilisi Metro (Akhmeteli Theatre
— Varketili) was simulated for three different fleets of 4-car trains with similar dimensions and
passenger loading (AW2):

Existing Trains (ET) — 134t empty mass, 4 motored cars, no regeneration

New Trains type 1 (NT1) — 120t empty mass, 2 motored cars, 127% of ET power, with
regeneration

New Trains type 2 (NT2) — 125t empty mass, 3 motored cars, 113% of ET power, with
regeneration

The objective was to assess whether the existing traction power infrastructure could support the
new fleet configurations. Operating headways of 150s and identical round trip times were assumed
for all fleets. The existing traction power supply network was found to be robust and capable of
supplying the ET, NT1 and NT2 fleets.

To simulate maximum stress on the traction power infrastructure, the trains in each fleet were
operated at full acceleration, using coasting to achieve schedule adherence. In actual service
passenger comfort considerations would be applied. Failure of a single substation, one mid-line and
one end-line, was also studied. The simulation of the ET fleet was used as a baseline for a
comparative analysis of the NT fleets. Key points:

1.
2.

The mechanical power requirements for the individual train types were almost identical.

The most significant difference between the traction power performance for the ET and the
NT fleets was due to regeneration. The NT trains were capable of higher peak power
demands. However, at the headway studied, overall energy requirements were reduced to
about 65-67% of the ET fleet levels because of regeneration.

The existing substations are capable of supplying ET, NT1 and NT2 fleets. At the peak-time
headway of 150s, the substation with the highest loading peak power, substation 4
Guramishvili, had a peak power of 87%, 103% and 88% of its rated load for the ET, NT1 and
NT2 fleets, respectively.

At peak headway of 150s, the average loading at all substations is below 50%. The substation
with the highest average loading was substation 6 Marjanishvili and its average load was 51%,
32%, and 32% of its rated load for the ET, NT1 and NT2 fleets, respectively. The average
loading using NT1 and NT2 is lower than using ET.

A failure of the mid-line substation 5 Gotsiridze causes more overloading than the outage of
the end-line substation 9 Varketili. With substation 5 failed the peak loading at substations 4
and 6 increased to 136% of their rated power capacity. The longest duration for continuous
overloading (>100%) is 9 seconds which is more than acceptable for traction power systems.

Regeneration can add additional voltage and current stresses to the system. The substation
voltage can be up to 1000V using NT1 and NT2. The overvoltage protection may be
considered when using NTs. The highest feeder current is 4479A, 4602A, and 4925A for ET,
NT1 and NT2 fleets respectively. The NT1 and NT2 fleets increased the highest feeder
current by 2.7% and 9.9%, respectively.
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1. INTRODUCTION

This document provides the findings from a power simulation study of Line 1 of Thilisi Metro
(Akhmeteli Theatre — Varketili). The objective is to assess the ability of the current traction power
infrastructure to support operation with new trains. Three different fleets of 4-car trains with similar
dimensions and passenger loading (AW2) are studied:

e Existing Trains (ET) — 134t empty mass, 4 motored cars, no regeneration

e New Trains type 1 (NT1) — 120t empty mass, 2 motored cars, 127% of ET power, with
regeneration

e New Trains type 2 (NT2) — 125t empty mass, 3 motored cars, 113% of ET power, with
regeneration

Operating headways of 150s and identical round trip times were assumed for all fleets. To simulate
maximum stress on the traction power infrastructure, the trains in each fleet were operated at full
acceleration, using coasting to achieve schedule adherence. Under normal conditions passenger
comfort would be a consideration and the driving approach is unlikely to be as aggressive. The
simulation examines the network under maximum operating stress.

2. DATA COLLECTION AND INTERPRETATION

Line 1 of Thilisi Metro (Akhmeteli Theatre — Varketili) is a 19.6 km straight line with 16 stations. The
total journey time is around 30 min. Figure 1 shows Tbilisi Metro. Line 1 is from Akhmeteli Theatre
to Varketili (shown in red).

AKHMETELI
SARAJISHVILI (@ (@) " . -oF

\

GURAMISHVILIL®
GHRMAGHELE |\ @

DIDUBE .‘
STATE ~
UNIVERSITY GOTSIRIDZE

|

° ®) NADZALADEV!
\ VAZHA.PSHAVELA
o\ MEDICAL TSERETELI VARKETILI
UNIVERSITY © STATION
) o
~ ., \.r‘. SQUARE - 1

TECHNICAL STATION
UNIVERSITY SQUARE - 2

DELISI
AVLABARI ISANI
¢ Emmmmmm @ EEmm——— O mmm O .,

@
MARJANISHVILIE \ / 300 ARAGVEL!

¢ e
RUSTAVEL! LIBERTY
SQUARE

Figure 1 Diagram of Thilisi Metro
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2.1. ROUTE DATA
2.1.1. Station information

The distance of the stations are shown in Table 1. The data is collected in the ‘Tbilisi Metro -
General Description & Station Locations’ shown in Appendix 6.1.

Table 1a Location of the stations (up) Table 1b Location of the stations (down)
Station Location (m) Station Location (km)

1 Akhmeteli Theatre | O 1 Varketili 0

2 Sarajishvili 1296.5 2 Samgori 1.7097

3 Guramishvili 2342.4 3 Isani 2.9517

4 Ghrmaghele 3806.5 4 300 Aragveli 4.1322

5 Didube 5702.8 5 Avlabari 5.0182

6 Gotsiridze 6527.6 6 Freedom Square 6.3368

7 Nadzaladevi 8049.6 7 Rustaveli 7.6857

8 Station Square 1 9235.4 8 Marjanishvili 8.7727

9 Marjanishvili 10908.2 9 Station Square 1 10.4119

10 Rustaveli 11957.6 10 Nadzaladevi 11.6079

11 Freedom Square 13290.8 11 Gotsiridze 13.1173

12 Avlabari 14611.5 12 Didube 13.9459

13 300 Aragyveli 15497.6 13 Grmagele 15.8452

14 Isani 16642.8 14 Guramishvili 17.3083

15 Samgori 17890.4 15 Sarajishvili 18.353

16 Varketili 19586.9 16 Akhmeteli Theatre | 19.6536

2.1.2. Gradient

The altitude along the Tblisi Metro Linel line from Akhmeteli Theatre to Varketili (up) is shown in,
Figure 2 assuming the altitude at the start point is 0. The associated gradient data along this line
from Akhmeteli Theatre to Varketili (up) is shown in Table 2, which is collected from the route
gradient data Section 1-5.
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altitude-distance
10 T T T T T T T T T

altitude
station

altitude(m)

_90 1 1 1 1 1 1 1 1 1
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distance (km)

Figure 2 Altitude-Distance (up)
Table 2 Gradient data of line 1(up)

Location(m) Gradient(%o) Location(m) Gradient(%o)
0 -3 10.97804 -12
0.1575 -30 11.1418 0
0.92879 -3 11.3319 -26
1.40304 3 11.85764 3
1.907 3 12.12511 -23
3.01295 30 12.4418 -3
3.6575 -3 13.26952 -5
4.007 -25 14.16061 30
4,39017 -3 14.51011 3
5.007 2.2 14.67645 16
5.29809 0 14.82695 30
5.77433 19 15.39625 3
5.95863 33 15.6616 -7
6.29031 5.625 15.8111 3
6.37051 -9.6 16.40615 4
6.45566 0 16.521 3
6.57546 -10 16.80318 38
6.78536 -40 17.6111 5
6.93586 -3.3 17.7319 -3
7.67645 -3 18.0418 -40
8.11803 -20 18.33487 -3
8.79031 3 18.54972 3
9.05764 -3 19.0913 33
9.32992 -26 19.5111 3
10.2319 -15 19.5869 3
10.5811 -3.3 - -

The altitude of the Thilisi Metro Line 1 from Varketili to Akhmeteli Theatre (down) is shown in Figure
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3, assuming the altitude at the start point is 0. The associated gradient data along this line from
Varketili to Akhmeteli Theatre (down) is shown in Table 3. This data is calculated according to line 1
(up). The start point of the gradient data is coincident with the start point of the station information
(the centre of station Varketili).

altitude-distance

20 - - - - -
fk / -
04 |
k..
A0 F [ - i
E e altitude
- 20 #  station | ]
E
= -30 T
4%}
-40 | 1
50 .
60T - 1
70 : : : : : : : :
0 2 4 G ) 10 12 14 16 18 20
distance (km)
Figure 3 Altitude-Distance(down)
Table 3 Gradient data of line 1(down)
Location(m) Gradient(%o) Location(m) Gradient(%o)
0 -3 9.3891 26
0.1099 -33 10.291 3
0.5297 -3 10.563 -3
1.0713 3 10.831 20
1.2861 40 11.503 3
1.5792 3 11.945 3.3
1.8891 -5 12.685 40
2.0099 -38 12.836 10
2.8178 -3 13.046 0
3.1 -4 13.165 9.6
3.2149 -3 13.25 -5.625
3.8099 7 13.331 -33
3.9594 -3 13.662 -19
4.2248 -30 13.847 0
4.7941 -16 14.323 -2.2
4.9446 -3 14.614 3
5.1109 -30 15.231 25
5.4604 5 15.614 3
6.3515 3 15.964 -30
7.1792 23 16.608 -3
7.4959 -3 17.714 -3
7.7634 26 18.218 3
8.2891 0 18.692 30
8.4792 12 19.464 3
8.643 3.3 19.654 3
9.0399 15 - -
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2.1.3. Speed limit

The speed limit data of Thilisi Metro line 1 from Akhmeteli Theatre to Sarajishvili (up) is shown in
Table 4, which is collected in ‘Thilisi Metro - Track Speed Limits'.

Table 4 Speed limit of line 1 (up)

Location(m) Speed limit Location(m) Speed limit
0 40 10.979 80
0.045 60 11.191 70
0.061 70 11.896 60
1.123 60 12.029 70
1.361 70 12.204 80
1.448 80 12.997 70
1.811 70 13.223 60
2.167 60 13.36 80
2.261 60 14.31 70
3.323 80 14.531 60
3.21 70 14.656 70
3.698 60 15.282 60
3.86 70 15.555 70
4.7855 80 15.704 80
5.0726 70 16.404 70
5.458 60 16.604 60
5.56 60 16.729 80
5.774 60 16.354 70
6.629 60 17.554 60
7.796 60 18.048 40
8.082 70 18.135 80
9.064 60 19.109 70
9.308 70 19.46 60
10.263 70 19.5869 40
10.863 60 - -
The speed limit along this upline is shown in Figure 4.
80 ; ; ; ; ; : .
75 -
70 .
S5 1
£
E 60} 1
2
% 55 B
50 -
45 -
40 ' : ' ' : ! ' :
2 4 6 8 10 12 14 16 18 20

distance (km)

Figure 4 Speed limit-Distance(up)

Page 8 of 55



WAHE L3 Traction Power Simulation

The speed limit data of Thilisi Metro line 1 from Varketili to Akhmeteli Theatre (down) is shown in
Table 5.

Table 5 Speed limit of line 1 (down)

Location(m) Speed limit Location(m) Speed limit

0 40 10.442 60
0.012 60 10.536 80
0.07 60 11.213 70
0.075 70 11.542 60
0.812 70 11.667 70
1.45 60 12.928 60
1.531 40 13.173 60
1.775 60 13.913 60
3.026 70 13.977 60
3.735 70 14.216 70
3.886 60 15.691 60
4.202 70 15.889 70
4.952 60 17.099 60
5.102 80 17.337 70
5.97 70 17.434 80
6.27 60 17.557 70
6.395 80 17.834 70
7.32 70 18.143 60
7.469 60 18.381 80
7.743 70 19.081 70
8.643 60 19.436 60
8.768 80 19.561 40
10.061 70 19.6536 40

10.307 60 - -

The speed limit for this downline is shown in Figure 5.

80 T T T T T T T

75 ¢ -

70 — .

65

speed limit(km/h)
[}
o

T
|

45

40 1 | 1 1 1
0 2 4 6 8 10 12 14 16 18 20

distance (km)

Figure 5 Speed limit-Distance(down)

Page 9 of 55



WAHE L3 Traction Power Simulation

2.2.

ROLLING STOCK DATA (3 FLEETS)

Three different train types are considered:

e ETs (ET) — 134t empty mass, 4 motored cars, no regeneration

e New Trains type 1 (NT1) — 120t empty mass, 2 motored cars, 127% of ET power, with

regeneration

e New Trains type 2 (NT2) — 125t empty mass, 3 motored cars, 113% of ET power, with

regeneration

The details are shown in Table 6, which is collected in ‘Appendix 6.2: Thilisi Rolling Stock Data_for

Simulation 2022.01.09".

Table 6 Train traction characteristics

Parameters

ET

NT1

NT2

Static train mass [tonnes]

134(Mc:34t, M:33t)

120(Tc:29t, M:31t)

125(Mc:32t, M:31t, T:30)

Passenger mass [tonnes]

55.6

55.6

55.6

Train formation

Mc-M-M - Mc

Tc-M-M-Tc

Mc-M-T-Mc

Rotary allowance

0.1

M:10%, Tc:5%

M, Mc:10%, T:5%

Train resistance [N/tonne]

[4.16,0.08*3.6,
0.00166*3.6"2]

[4.16, 0.08*3.6,
0.00166*3.6"2]

[4.16, 0.08*3.6,
0.00166*3.6"2]

Maximum traction power [kW] 1884 2396 2140
Maximum braking power [kW] 1884 2377 3586
Maximum operation speed

(km/h] 90 90 90
Maximum tractive effort [kN] 251.2 191.7 237.1
Maximum braking effort [kN] 251.2 142.6 215.2
Max12mum acceleration rate 132 1.09 131
[m/s%]

Maximum braking rate [m/s?] 1.32 0.81 1.18

The typical tractive effort curve, resistance curve, and acceleration curve of the three train types are

shown in Figure 6 to Figure 8.
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Tractive Effort (kN)

Tractive Effort (kN)

specific traction, resistance and acceleration curve
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Figure 6 Specific traction, resistance, and acceleration curve of ET
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Figure 7 Specific traction, resistance, and acceleration curve of NT1
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specific traction, resistance and acceleration curve
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Figure 8 Specific traction, resistance, and acceleration curve of NT2
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2.3. OPERATION DATA

Table 7 shows the proposed running time between stations and the dwell time at each station from
Akhmeteli theatre to Varketili, which is collected in ‘Appendix 6.3: Thbilisi Metro - Inter-station run

and dwell times’

Table 7 Inter-station running and dwell time of line 1(up)

Stations Moving time Standing time Total time
Akhmeteli theatre - Sarajishvili 1:35 0:20 1:55
Sarajishvili - Guramishvili 1:25 0:20 1:45
Guramishvili - Grmagele 1:50 0:15 2:05
Grmagele - Didube 2:20 0:20 2:40
Didube - Gotsiridze 1:15 0:30 1:45
Gotsiridze - Nadzaladevi 2:15 0:20 2:35
Nadzaladevi - Station Square 1:35 0:25 2:00
Station Square - Marjanishvili 2:05 0:35 2:40
Marjanishvili - Rustaveli 1:30 0:20 1:50
Rustaveli -Liberty square 1:40 0:15 1:55
Liberty square - Avlabari 1:40 0:20 2:00
Avlabari -300 Aragveli 1:20 0:15 1:35
300 Aragveli - Isani 1:30 0:20 1:50
Isani - Samgori 1:45 0:20 2:05
Samgori - Varketili 2:05 - 2:05
Sum 25:50 4:55 30:45

Table 8 shows the proposed running time between stations and the dwell time at each station from

Varketili to Akhmeteli theatre.

Table 8 Inter-station running and dwell time of line 1(down)

Stations Moving time Standing time Total time
Varketili-Samgori 2:10 0:20 2:30
Samgori - Isani 1:55 0:20 2:15
Isani — 300 Aragveli 1:35 0:15 1:50
300 Aragveli - Avlabari 1:20 0:20 1:40
Avlabari — Liberty square 1:35 0:30 2:05
Liberty square - Rustaveli 1:45 0:20 2:05
Rustaveli - Marjanishvili 1:30 0:25 1:55
Marjanishvili — Station Square 2:05 0:35 2:40
Station Square - Nadzaladevi 1:35 0:20 1:55
Nadzaladevi - Gotsiridze 2:00 0:15 2:15
Gotsiridze - Didube 1:20 0:20 1:40
Didube - Grmagele 2:20 0:15 2:35
Grmagele - Guramishvili 2:05 0:20 2:25
Guramishvili - Sarajishvili 1:25 0:20 1:45
Sarajishvili — Akhmeteli theatre 1:35 - 1:35
Sum 26:15 4:55 31:10

The headway time is assumed as 150s with a terminal turnaround time of 180s.
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2.4. POWER NETWORK DATA

There are nine traction substations for this line. The traction substation data is shown in Table 9,
which is collected in ‘Appendix 6.4: TTC Substation Capacity’.

Table 9 Location and rated power of traction substations

Station Location (m) Rectifiers Rated power (kW)
1 | Akhmeteli Theatre | O 2x1320kW 2640
2 | Sarajishvili 1296.5 2x1320kW 2640
3 | Guramishvili 2342.4 2x1320kW 2640
4 | Ghrmaghele 3806.5 2x1320kW 2640
5 | Gotsiridze 6527.6 4x1320kW 5280
6 | Marjanishvili 10908.2 3x1320kW 3960
7 | Avlabari 14611.5 2x2640kW 5280
8 | Samgori 17890.4 2x2640kW 5280
9 | Varketili 19586.9 2x1320kW 2640

The power network characteristics are given in Table 9. The rectifier no-load voltage is 900 V, which
is collected in ‘Appendix 6.5: VI Curve & Diode Data’. Each substation is assumed to have a single
DC output bus where all the feeder cables connect. The result is a fully interconnected DC network.

Table 10 Power network characteristics

Parameters Data
Rectifier no-load voltage [V] 900
Rectifier rated voltage [V] 825

Rail resistance per 2 tracks [Q/km] 0.00725
3" rail resistance [Q/km] 0.015
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3. TRAIN MOTION SIMULATION RESULTS

This section presents results from the single-train simulator (STS) for each of the three different train
types.

3.1. AKHMETELI THEATRE TO VARKETILI (UP-DIRECTION) RESULTS

3.1.1. Speed profile (3 trains)

The speed profiles of 3 trains are shown in Figure 9 to Figure 11. In these figures, the speed limit is
a combination of the initial speed limit of this line and the maximum speed for each inter-station.
The speed profile is adjusted using coasting to give identical station-to-station and round trip running
times for each fleet. Note that train NT2, due to its lower acceleration rate, has to run to a higher
speed than the other train types to meet the timetable requirement.

N
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Figure 9 Speed profiles of ET
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Velocity profile
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3.1.2. Mechanical power profile (3 trains)

In the mechanical power profiles shown in Figure 12 to Figure 14, the curve above zero represents
the mechanical traction power, and the negative part is the mechanical braking power.
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Figure 12 traction/braking power of ET
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Figure 13 traction/braking power of NT1
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Figure 14 traction/braking power of NT2
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3.1.3. Acceleration profile (3 trains)

Figure 15 to Figure 17 shows the acceleration profile of each train type. As shown in Table 6, the
maximum tractive acceleration of ET, NT1, and NT2 are 1.32m/s?, 1.09 m/s? and 1.31 m/s*
respectively. The maximum braking acceleration are 1.32m/s?, 0.81 m/s? and 1.18 m/s? respectively.

5 Acceleration profile
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Figure 15 The acceleration profile of ET
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Acceleration profile
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Figure 16 The acceleration profile of NT1
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Figure 17 The acceleration profile of NT2
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3.2. VARKETILI TO AKHMETELI THEATRE (DOWN-DIRECTION) RESULTS
3.2.1. Speed profile (3 trains)

The speed profiles of the 3 train types are shown in Figure 18 to Figure 20. Within the speed limits,
the speed profile is adjusted with coasting to make sure the running time matches the target
timetable. Due to its lower maximum acceleration rate, train type NT2 has to run to a higher speed
than the other trains to meet the timetable requirement.
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Figure 18 Speed profiles of ET
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Figure 20 Speed profiles of NT2
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3.2.2. Mechanical power profile (3 trains)

In the power profile shown in Figure 21 to Figure 23, the curve above zero represents the mechanical
traction power, and the negative part is the mechanical braking power.
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Figure 21 traction/braking power of ET
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3.2.3. Acceleration profile (3 trains)

Figure 24 to Figure 26 shows the acceleration profile of each train type. As shown in Table 6 the
maximum tractive acceleration of ET, plan new1, and plan new2 are 1.32m/s2,1.09 m/s? and 1.31
m/s? respectively. The maximum braking acceleration are 1.32m/s?, 0.81 m/s? and 1.18 m/s?
respectively.
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Figure 24 Acceleration profile of ET
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3.3.
3.3.1.

RESULTS COMPARISON

Akhmeteli Theatre to Varketili (up-direction) results

The up-direction speed profiles of the three train types are compared in Figure 27. Train NT1, which
has the highest acceleration rate, runs to a higher speed but coasts longer than the other trains.
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Figure 27 Speed profile comparison (up)

The journey time includes inter-station running time and dwell time from Akhmeteli Theatre to
Varketili (no dwell time in station Akhmeteli Theatre and Varketili). The target journey time from the
timetable and the actual simulation results are shown in Table 11. The tractive energy and braking

energy of the whole journey are shown in Table 12. The traction energy consumption is very similar
for all three trains, but is lowest for NT2.

Table 11 Journey time of each train type (up)

Train type Given timetable (s) Journey time (s)
ET 1845 1845.22
NT1 1845 1846.12
NT2 1845 1846.33

Table 12 Traction and Braking energy (mechanical) of each train type

Train type Traction energy (kWh) Braking energy (kWh)
ET 150.99 88.73
NT1 147.00 87.31
NT2 143.94 84.58

Table 13 shows the percentage of the traction and braking energy against the ET baseline.
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Table 13 Traction and Braking energy (mechanical) compared with ET (up)

Train type Traction energy against ET | Braking energy against ET
ET 100% 100%
NT1 97.4% 98.4%
NT2 95.3% 95.3%

3.3.2.

The down-direction speed profiles of three train types are compared in Figure 28. Train NT1, which
has the highest acceleration rate, runs to a higher speed but coasts longer than the other two trains.

Varketili to Akhmeteli Theatre (down-direction) results
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Figure 28 Speed profile compare down-direction

The journey time includes inter-station running time and dwell time from Varketili to Akhmeteli
Theatre (no dwell time in station Akhmeteli Theatre and Varketili). The target journey time from the
timetable and the actual simulation results are shown in Table 14. The tractive energy and braking

energy of the whole journey are shown in Table 15. The traction energy consumption is very similar
for all three train types, but is lowest for NT2.

Table 14 Journey time of different train types

Train type Given timetable (s) Journey time (s)
ET 1870 1871.74
NT1 1870 1873.17
NT2 1870 1871.09
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Table 15 Traction and Braking energy (mechanical) of different train types

Train type Traction energy (kWh) Braking energy (kWh)
ET 139.09 86.36
NT1 138.74 87.34
NT2 131.82 81.31

Table 16 shows the percentage of the traction and braking energy against the ET baseline.

Table 16 Traction and Braking energy (mechanical) compared with ET

Train type Traction energy against ET | Braking energy against ET
ET 100% 100%

NT1 99.7% 101.1%

NT2 94.8% 94.2%
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4. TRACTION POWER NETWORK SIMULATION

This section presents the results of the traction power network simulation. Different train fleets with
multi-train peak and off-peak timetables are analyzed. The peak timetable headway is 2.5min (150s),
and the off-peak headway is 12min. At peak time there are 25 trains running and at off-peak time
there are 5 trains. Peak operation is of primary interest in this study and the results including feeder
cable loading, substation loading and fault simulation are presented in sections 4.1 to 4.6. Section
4.7 presents the results for off-peak operation. A summary is given in section 4.8.

4.1. SUBSTATION RESULTS

4.1.1. ET

There is no regeneration mode for ET so the substation voltage does not exceed the no-load voltage
of 900 V. The peak power load of 4.76 MW occurs at substation 5 (Gotsiridze). This peak power load
corresponds to the lowest voltage of 835 V and the highest current of 5531 A. Refer to Figure 29
and Figure 30.
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Figure 29 Substations 1-5 (of 9) power, voltage and current of ET: 150s
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4.1.2. NT1

NT1 has regenerative braking. The substation voltage can exceed the no-load voltage of 900 V, but
it is limited to 1000 V for overvoltage protection. The peak power load of 5.00 MW occurs at

substation 8 (Samgori). This peak power load corresponds to the lowest voltage of 824 V and the
highest current of 5833 A. Refer to Figure 31 and Figure 32.
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4.1.3. NT2

NT2 has regenerative braking. The substation voltage can exceed the no-load voltage of 900 V, but
it is limited to 1000 V for overvoltage protection. The peak power load of 4.17 MW occurs at
substation 5 (Gotsiridze). This peak power load corresponds to the lowest voltage of 836 V and the
highest current of 4790 A. Refer to Figure 33 and Figure 34.
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4.2. TRAIN RESULTS
4.2.1. ET

The ET trains do not have regenerative braking so the train power consists only of electrical traction
power demand. The maximum electrical power demand is 2.31 MW. The train voltage is always
below 900 V. The lowest voltage is 751 V for both the up and the down directions. Refer to Figure
35 and Figure 36.
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Figure 35 Power and voltage profile of ET up direction: 150s
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4.2.2. NT1

NT1 has regenerative braking so the train power includes positive (traction) and negative (braking)
power. The maximum electrical traction power demand is 2.9 MW, and the maximum electrical
braking power is 1.88 MW. The highest train voltage is 999 V. The lowest voltage is 756 V for the up-
direction and 759 V for the down-direction. Refer to Figure 37 and Figure 38.
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Figure 37 Power and voltage profile of NT1 up direction: 150s
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4.2.3. NT2

NT2 has regenerative braking so the train power includes positive (traction) and negative (braking)
power. The maximum electrical traction power demand is 2.6 MW, and the maximum electrical
braking power is 2.63 MW. The highest train voltage is 999 V. The lowest voltage is 757 V for the
both the up and the down directions. Refer to Figure 39 and Figure 40.

Train power [MW]
— — —Train location [10km] [_
|

E

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time [s]

ER=

Power/Location
=

2

1000 T T T T T T T T T
950 .
800

850

Train voltage [V] |

Voltage [V]

800

o

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time [s]

00

Figure 39 Power and voltage profile of NT2 up direction: 150s
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4.3. FEEDER CABLE LOADING

Figure 41 to Figure 43 present histograms of the maximum current in the substation feeder cables
for each of the train types over one headway interval (150s) sampled at 1s intervals. Each substation
has 4 feeder cables connected at one end to the substation’s DC bus and at the other end to the
power rail segments leading away from the substation for each track and direction. Positive currents
flow out of the substation bus and negative currents flow into the bus. The maximum values for
each sign are compared in Table 17. Operating the NT1 and NT2 fleets increases the maximum
feeder current above the ET levels by 2.7% and 9.9% respectively. The likelihood that the NT fleets
will overload the existing feeder cables is considered to be very low.

Table 17 Comparison of maximum feeder cable current: 150s

Maximum Unit ET NT1 NT2
+ve A 4479.0 4601.6 4925.4
-ve A -704.1 -2135.3 -2678.0
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Figure 41 Feeder current distribution for ET: 150s
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Figure 42 Feeder current distribution for NT1: 150s
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Figure 43 Feeder current distribution for NT2: 150s
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4.4. SUBSTATION LOADING PERCENTAGE

Substation loads as a percentage of rated load are shown in

Table 18 (peak load) and Table 19 (average load). Peak load exceeds rated load only at substation 4
(Ghrmaghele) for the NT1 fleet but the overload is small (103%) and the duration is under 3s and so
can be easily tolerated. The maximum average load of 51% occurs at substation 6 (Marjanishvili) for
the ET fleet.

Table 18 Substation highest loading percentage: 150s

Substation Rated power [kW] ET NT1 NT2
1 Akhmeteli Theatre 2640 55% 66% 60%
2 Sarajishvili 2640 58% 63% 55%
3 Guramishvili 2640 70% 77% 72%
4 | Ghrmaghele 2640 87% | 103% (2s) 88%
5 Gotsiridze 5280 90% 64% 79%
6 Marjanishvili 3960 85% 83% 79%
7 | Avlabari 5280 70% 73% 64%
8 Samgori 5280 71% 95% 77%
9 Varketili 2640 74% 79% 79%
Table 19 Substation average loading percentage: 150s
Substation Rated power [kW] ET NT1 NT2
1 | Akhmeteli Theatre 2640 18% 13% 13%
2 | Sarajishvili 2640 24% 16% 16%
3 | Guramishvili 2640 28% 18% 17%
4 | Ghrmaghele 2640 35% 23% 23%
5 | Gotsiridze 5280 38% 24% 24%
6 | Marjanishvili 3960 51% 32% 32%
7 | Avlabari 5280 41% 28% 26%
8 | Samgori 5280 29% 21% 21%
9 | Varketili 2640 21% 15% 15%
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4.5. FAULT SIMULATION, MID-LINE

This section assesses the effects when a mid-line substation fails. Substation 5 (Gotsiridze) was
selected because it’s failure removes the largest capacity from the network. Refer to Table 20 to
Table 24 below. Key points are as follows:

e Peak loading at adjacent substations 4 and 6 exceeds rated loads for all train types, but only
for short-term periods of less than 10s.

e Average loading at substations 4 and 6 increases above 50% for the ET fleet only.

The general conclusion is that, at 150s headway, operation with mid-line substation 5 in a failed
condition is feasible. The stress on the traction power infrastructure exceeds rated loads but for
very short periods, which is tolerable. Typical overload tolerances for traction power substations
are:

e 200% rated load for one-half hour
e 150% load for one hour
e 125% load for four hours
provided that a constant 50% load precedes and follows the overload.

Overall the electrical stress is lower ffrom the NT fleets than from the ET fleet, with the exception of
feeder cable current which is higher for the NT fleet.

Table 20 Substation highest power [kW] : 150s, sub 5 failed

Substation Rated power [kW] ET NT1 NT2
1 | Akhmeteli Theatre 2640 1547 1890 1689
2 | Sarajishvili 2640 1758 1860 1656
3 | Guramishvili 2640 2249 2503 2339
4 | Ghrmaghele 2640 3602 3593 3260
5 | Gotsiridze 5280 - - -
6 | Marjanishuvili 3960 4893 4084 4486
7 | Avlabari 5280 3799 3938 3594
8 | Samgori 5280 3739 5007 4074
9 | Varketili 2640 1969 2074 2100
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Table 21 Substation average power [kW]: 150s, sub 5 failed

Substation Rated power [kW] ET NT1 NT2
1 | Akhmeteli Theatre 2640 575 393 384
2 | Sarajishvili 2640 794 512 513
3 | Guramishvili 2640 1049 656 637
4 | Ghrmaghele 2640 1684 1088 1069
5 | Gotsiridze 5280 - - -
6 | Marjanishvili 3960 2774 1785 1770
7 | Avlabari 5280 2328 1564 1495
8 | Samgori 5280 1587 1149 1125
9 Varketili 2640 573 400 407

Table 22 Substation highest loading percentage: 150s, sub 5 failed

Substation Rated power [kW] ET NT1 NT2
1 | Akhmeteli Theatre 2640 59% 72% 64%
2 | Sarajishvili 2640 67% 70% 63%
3 | Guramishvili 2640 85% 95% 89%
4 | Ghrmaghele 2640 136% (8s) | 136% (7s) | 123% (9s)
5 | Gotsiridze 5280 - - -
6 | Marjanishvili 3960 124% (9s) | 103% (3s) | 113% (2s)
7 | Avlabari 5280 72% 75% 68%
8 | Samgori 5280 71% 95% 77%
9 | Varketili 2640 75% 79% 80%

Table 23 Substation average loading percentage: 150s, sub 5 failed

Substation Rated power [kW] ET NT1 NT2
1 | Akhmeteli Theatre 2640 22% 15% 15%
2 | Sarajishvili 2640 30% 19% 19%
3 | Guramishvili 2640 40% 25% 24%
4 | Ghrmaghele 2640 64% 41% 41%
5 | Gotsiridze 5280 - - -
6 | Marjanishvili 3960 70% 45% 45%
7 | Avlabari 5280 44% 30% 28%
8 | Samgori 5280 30% 22% 21%
9 | Varketili 2640 22% 15% 15%

Table 24 Comparison of feeder cable current: 150s, sub 5 failed

Unit ET NT1 NT2
Feeder current (highest) A 5117 4707 5277
Feeder current (lowest) A -2858 -3247 -3231
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4.6. FAULT SIMULATION, END-LINE

This section assesses the effects witn an end-line substation fails. Substation (substation 9 Varketili)
was selected as the failure candidate. Refer to Table 25 to Table 29 below. Key points are as follows:

e Peak loading at the adjacent substation 8 exceeds 90% of rated load for all train types.

e The only peak load above 100% is for the NT1 trains (120% for 4s) but the duration is very
short and therefore tolerable.

e Average load remans below 40% for all train types

The general conclusion is that, at 150s headway, operation with end-line substation 9 (Varketili) in a
failure condition is feasible.

Table 25 Substation highest power [kW] : 150s, sub 9 failed

Substation Rated power [kW] ET NT1 NT2
1 | Akhmeteli Theatre | 2640 1445 1755 1596
2 | Sarajishvili 2640 1539 1668 1459
3 | Guramishvili 2640 1843 2020 1906
4 | Ghrmaghele 2640 2287 2728 2325
5 | Gotsiridze 5280 4764 3397 4168
6 | Marjanishvili 3960 3380 3296 3163
7 | Avlabari 5280 3799 3924 3464
8 | Samgori 5280 4831 6313 5130
9 | Varketili - - - -
Table 26 Substation average power [kW]: 150s, sub 9 failed
Substation Rated power [kW] ET NT1 NT2
1 | Akhmeteli Theatre | 2640 488 353 347
2 | Sarajishvili 2640 638 433 433
3 | Guramishvili 2640 742 488 458
4 | Ghrmaghele 2640 915 615 595
5 | Gotsiridze 5280 1991 1260 1256
6 | Marjanishvili 3960 2032 1294 1294
7 | Avlabari 5280 2247 1537 1454
8 | Samgori 5280 2039 1471 1449
9 | Varketili - - - -
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Table 27 Substation highest loading percentage: 150s, sub 9 failed

Substation Rated power [kW] ET NT1 NT2
1 | Akhmeteli Theatre | 2640 55% 66% 60%
2 | Sarajishvili 2640 58% 63% 55%
3 | Guramishvili 2640 70% 77% 72%
4 | Ghrmaghele 2640 87% | 103% (2s) 88%
5 | Gotsiridze 5280 90% 64% 79%
6 | Marjanishvili 3960 85% 83% 80%
7 | Avlabari 5280 72% 74% 66%
8 | Samgori 5280 91% | 120% (4s) 97%
9 | Varketili - - - -

Table 28 Substation average loading percentage: 150s, sub 9 failed

Substation Rated power [kW] ET NT1 NT2
1 | Akhmeteli Theatre | 2640 18% 13% 13%
2 | Sarajishvili 2640 24% 16% 16%
3 | Guramishvili 2640 28% 18% 17%
4 | Ghrmaghele 2640 35% 23% 23%
5 | Gotsiridze 5280 38% 24% 24%
6 | Marjanishvili 3960 51% 33% 33%
7 | Avlabari 5280 43% 29% 28%
8 | Samgori 5280 39% 28% 27%
9 | Varketili - - - -

Table 29 Comparison of feeder cable current: 150s, sub 9 failed

Unit ET NT1 NT2
Feeder current (highest) A 4602 4602 4926
Feeder current (lowest) A -2145 -2145 -2678

Page 48 of 55



WAHE L3 Traction Power Simulation

4.7. OFF-PEAK TIME SIMULATION

This section presents a simulation for each of the train types operating to the off-peak timetable
(headway = 12min). Refer to Table 30 and Table 31. There are no overloads of any type.

Table 30 Substation highest loading percentage (720s headway)

Substation Rated power [kW] ET NT1 NT2
1 | Akhmeteli Theatre | 2640 52% 63% 58%
2 Sarajishvili 2640 44% 54% 44%
3 | Guramishvili 2640 47% 45% 42%
4 | Ghrmaghele 2640 43% 52% 48%
5 | Gotsiridze 5280 54% 51% 44%
6 Marjanishvili 3960 64% 63% 67%
7 Avlabari 5280 34% 43% 39%
8 | Samgori 5280 46% 58% 53%
9 Varketili 2640 54% 67% 61%
Table 31 Substation average loading percentage (720s headway)
Substation Rated power [kW] ET NT1 NT2
1 | Akhmeteli Theatre | 2640 4% 3% 3%
2 | Sarajishvili 2640 5% 4% 4%
3 | Guramishvili 2640 6% 4% 4%
4 | Ghrmaghele 2640 7% 5% 5%
5 | Gotsiridze 5280 8% 5% 5%
6 | Marjanishvili 3960 11% 7% 7%
7 | Avlabari 5280 8% 7% 6%
8 | Samgori 5280 6% 5% 5%
9 Varketili 2640 4% 4% 4%
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4.8. SUMMARY RESULT COMPARISON
The results of different trains are compared in Table 32 below.

e From the substation results, it can be found that the substation power is the highest (5MW)
using NT1. This also leads to the highest current of 5833 A. The highest power occurs at
substation 8 (Samgori). The rated power for this substation is 5.28 MW. Therefore, the
substation power demand is within the rated power capacity using all these three trains.
Because NT1 and NT2 are with regenerative braking, the substation voltage can exceed the
no-load voltage. Although the NT trains have their own voltage limiting functions, the
installation of overvoltage protection at the substations could also be considered in order to
control the possibility of overvoltage from regenerative braking.

e From the train results, it can be found that NT1 requires the highest traction power of 2.9
MW. The lowest train voltage during train operation for three trains are very close, which is
between 751 -759 V. Since ET doesn’t have regenerative braking mode, ET voltage is always
below 900V. However, the voltage of NT1 and 2 is up to 999 V. The new train voltage reaches
the maximum value of 1000 V due to the regenerative braking mode. Therefore, the
overvoltage protection is activated, and the surplus regenerative braking energy is dissipated
by the braking resistor. All the trains can operate in the network within the rated power and
voltage levels.

e From the energy results, it can be found that the substation energy consumption is highest
using ET, which is 461 kWh. The substation energy consumption for NT1 and NT2 are very
similar, but the NT2 energy consumption is slightly lower with 302 kWh. This is partly because
of the lower traction energy demand by NT2. Due to the very short headway time of 150s,
the regeneration efficiency of NT1 and NT2 is very high at this timetable which is 95.55% and
96.08%, respectively. In summary, using NT1 and NT2 can reduce energy consumption by 63%
and 65%, respectively.

Table 32 Comparison of different fleets at peak headway (150s)

Unit | ET NT1 NT2
Substation power (Highest) MW 4.76 5.00 4.17
Substation Voltage (Highest) Vv 897.84 | 999.19 | 999.03
Substation Voltage (Lowest) Vv 835.17 | 824.81 | 836.83
Substation current (Highest) A 5531.92 | 5833.27 | 4790.03
Feeder current (Highest) A 4478.96 | 4601.59 | 4925.39
Train traction power (Highest) MW 2.31 2.90 2.60
Train braking power (Highest) MW 0 1.88 2.63
Train voltage up (Highest) \Y 896.22 | 999.37 | 999.25
Train voltage up (Lowest) \Y 751.98 | 756.02 | 757.20

<

Train voltage down (Highest) 896.81 | 998.31 | 998.62

Train voltage down (Lowest) \Y 751.89 | 759.89 | 757.73

Substation energy consumption | kWh | 461.31 | 309.61 | 302.75

Substation and transmission loss | kWh 25.73 23.02 21.61

Traction enegry demand kWh | 342.62 | 335.38 | 323.41
Electrical braking energy kWh 0| 148.43 | 140.78
Regenerative braking energy kWh 0| 141.83 | 135.26
Regeneration efficiency 0| 95.55% | 96.08%
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5. CONCLUSIONS & RECOMMENDATIONS

A comprehensive simulation using three different train types operating on the same timetable
headway of 150 seconds was conducted to assess the ability of the current traction power
infrastructure to support operation with new trains. The train types were 4-car trains with similar
dimensions and passenger loading (AW?2):

e Existing Trains (ET) — 134t empty mass, 4 motored cars, no regeneration

e New Trains type 1 (NT1) — 120t empty mass, 2 motored cars, 127% of ET power, with
regeneration

e New Trains type 2 (NT2) — 125t empty mass, 3 motored cars, 113% of ET power, with
regeneration

The study included failure scenarios where a single substation (either mid-line or end-line) was failed.
The existing traction power supply network was found to be robust and capable of supplying the ET,
NT1 and NT2 fleets. Key points are summarized as follows:

1. The mechanical power requirements for the individual train types were almost identical.

2. The most significant difference between the traction power performance for the ET and the
NT fleets was due to regeneration. The NT trains were capable of higher peak power
demands. At the headway studied, overall energy requirements were reduced to about 65-
67% of the ET fleet levels because of regeneration.

3. The existing substations are capable of supplying ET, NT1 and NT2 fleets. At the peak
headway of 150s, the substation with the highest loading peak power, substation 4
Guramishvili, had a peak power of 87%, 103% and 88% of its rated load for the ET, NT1 and
NT2 fleets respectively.

4. At the peak headway of 150s, the average loading at all substations was below 51% . The
highest average loading was at substation 6 (Marjanishvili), which had 51%, 32%, and 32%
of its rated load for the ET, NT1 and NT2 fleets respectively. The average loading using NT1
and NT2 was lower than using ET.

5. Loss of the mid-line substation 5 (Gotsiridze) caused more serious overloading problems than
the outage of the end-line substation 9 (Varketili). Operation with either failure was feasible.
Loss of substation 5 gave peak loading at substations 4 and 6 of up to 136% of the rated
power capacity. The longest duration for continuous overload (>100%) was 9 seconds, which
is well within typical limits for traction power installations. Average loading results show that
all the substation average loading is below 100%, but substations 4 Ghrmaghele and
Substation 6 Marjanishvili for ET had average loading higher than 50%.

6. Regeneration can add additional voltage and current stresses to the system. The substation
voltage can be up to 1000V using NT1 and NT2. Installation of overvoltage protection at
substations may be considered when using an NT fleet. The highest feeder cable current is
4479A, 4602A, and 4925A for the ET, NT1 and NT2 trains respectively. The NT1 and NT2
fleets increase the highest feeder current by 2.7% and 9.9% respectively from the ET fleet.
These are considered negligible differences.

In view of the NT train’s regenerative braking and should the Feasibility Study progress to the design
and procurement phase, it is recommended that the ability of the existing traction power system to
withstand the effects of regenerartive braking is assessed and any necessary updates and
improvements identified.
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6.

6.1.

APPENDIX

TBILISI METRO - GENERAL DESCRIPTION & STATION LOCATIONS

Table 5
The Length of Main Rails of Thilisi Metro
# Line Track | Rail Length, M
T T 7
Akhmeteli — Varketili line — Rail 1 ‘
1 Akhmetels Theatre - Sarajishvili 1296.5
2 Sarajishvili - Guramishvili 10459
3 Guramishvili - Grmagele 1464.1
4 | Grmagele - Didube 18963
3 | Didube - Gotsiridze 8248
6 | Gotsinidze - Nadzaladevi 1522.0
10

7 Nadzaladevi — Station Square 1 1185.8
2 Station Square 1 - Marjanishvili 1672.8
9 Manjanishvili - Rustaveli 1049.4
10 Rustaveli — Freedom Square 13332
11 Freedom Square - Avlabart 1320.7
12| Avlabari— 300 Aragveli 836.1
13| 300 Aragveli - Isam 11452
14 Isani Samgort 1247.6
15 | Samgori Varketili 1696.5

Total length of Akhmeteli — Varketili line — Raal 1 19586,9

Table 5
The Length of Main Rails of Thilisi Metro
# Line Track \ Rail Length, M
1 ] ‘ 3
Aklmeteli — Varketili line — Rail IT
1 Akhmeteli Theatre - Sarajishvili 13006
2 Sarajishvili - Guramishvili 10447
3| Guramishvili - Grmagele 1463.1
4 | Grmagele - Didube 1899.3
5 Didube - Gotsindze 8286
6 | Gotsiridze - Nadzaladevi 1509.4
7 Nadzaladev1 — Station Square 1 1196.0
8 Station Square 1 - Marjanishvili 16392
9 Marjanishvili - Rustavel: 1087.0
10 Rustaveli — Freedom Square 13489
1

11 Freedom Square - Avlaban 1318.6
12| Avlabari — 300 Aragveh 886.0
13| 300 Aragveli - Isani 1180.5
14 Isani Samgori 12420
15| Samgori Varketili 1709.7

Total — Akhmeteli — Varketili line — Rail 2 19653,6

Page 52 of 55



W& EE 3 Traction Power Simulation

TBILISI ROLLING STOCK DATA_FOR SIMULATION 2022.01.09

Tbilisi Rolling Stock Data for Traction Power Simulation

2022.01.09

Isao Tsujimura

Existing train

New train (plan 1)

New train (plan 2)

Train configuration

Mc-M-M-Mc

Tc-M-M-Te

Mc-M-T-Mc

Train static mass

Mc:34t, M:33t

Tc:29t, M:31t

Mc:32t, M:31t, T:30t

Train length

19210mm (coupler face)

19210mm (coupler face)

19210mm (coupler face)

Passenger mass

Mc:13.3t, M:14.5t
(AW2: seated+5/sqm, 70kg)

Tc:13.3t, M:14.5t
{AW2:seated+5/sgm, 70kg)

Mc:13.3t, M, T:14.5t
(AW2:seated+5/sqm, 70kg)

Rotary allowance

10%

M:10%, Tc:5%

M, Mc:10%, T:5%

Starting resistance

0.04kN/t

0.04kN/

0.04kN#

Starting acceleration

1.2m/fs/s

1.0m/s/s

1.2m/s/s

Maximum train power

1884KW (at P1)

2396kW (at P1)

2140kW (at P1)

Traction characteristics
(at AW2)

Okm/h:251.2kN
(0-Series-12-Parallel-27)
27km/h:251.2kN (P1)
51km/h:133.0kN (P2)
80km/h:54.1kN

Okm/h:191.7kN
45km/h:191.7kN (P1)
65km/h:132.7kN (P2)
80km/h:87 .6kN

Okm/h:237.1kN
32.5km/h:237.1kN (P1)
50km/h:154.1kN (P2)
80km/h:60.2kN

Braking characteristics | N/A Okm/h:142.6kN Okm/h:215.2kN
(at AW2, Shared by 60km/h:142.6kN (P) 60km/h:215.2kN (P)
regenerative brake) 80km/h:80.2kN 80km/h:121.1kN
(adhesion:<0.16) (adhesion:<0.16)
Max. deceleration shared N/A 0.77m/s/s 1.12m/s/s
by only regenerative brake
Qverall fleet size 76840mm 76840mm 76840mm

Running resistance formula (Davies formula) specified by Thilisi Metro

while using power wy; = 1,1 + (0.09 + 0.022n) ':T; [N/kN]

52n

n- is number of the cars : 4

motion without power wy, = 1,0 + — 4+ 0.025v + (0.09 + 0.022n) '12_; [N/kN]

‘mg
Above mentioned formula is complex, the following davies formula is recommended for existing and
new trains both.

R =21.96 + 0.4222V + 0.00876V2 [NA]

- If maximum service deceleration is applied in the traction power simulation, regenerative factor should

(at underground section)

be low value because air brake is added for T cars. Deceleration in the power simulation should be

0.77m/s/s, all of brake effort is shared by regenerative brake.

Note 1 — As per Table 7, the maximum train power used in the simulation for “New Train Plan1” is 2,387.5kW and
not 2,130kW as shown in the table.
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6.3.

TBILISI METRO - INTER-STATION RUN AND DWELL TIMES
Akhmeteli - Varketili - Line 1
, Moving | Standing .
Stations . . Total time
time time

Varketili -Samgori 2:10 0:20 2:30
Samgori - Isani 1:55 0:20 2:15
Isani - 300 Aragveli 1:35 0:15 1:50
300 Aragveli - Avlabari 1:20 0:20 1:40
Avlabari - Liberty square 1:35 0:30 2:05
Liberty square - Rustaveli 1:45 0:20 2:05
Rustawveli - Marjanishvili 1:30 0:25 1:55
Marjanishvili - Station Square 2:05 0:35 2:40
Station Square - Nadzaladevi 1:35 0:20 1:55
Madzaladevi - Gotsiridze 2:00 0:15 2:15
Gotsiridze - Didube 1:20 0:20 140
Didube - Grmagele 2:20 0:15 2:35
Grmagele - Guramishvili 2:05 0:20 2:25
Guramishvili - Sarajishvili 1:25 0:20 1:45
Sarajishvili - Akhmeteli theatre 1:35 - 1:35
Sum 26:15 4:55 31:10

Varketili - Akhmeteli - Line 2
. Moving Standing .
Stations . . Total time
time time

Akhmeteli theatre - Sarajishvili 1:35 0:20 1:55

Sarajishvili - Guramishvili 1:25 0:20 1:45

Guramishvili - Grmagele 1:50 0:15 2:05

Grmagele - Didube 2:20 0:20 2:40

Didube - Gotsiridze 1:15 0:30 1:45

Gotsiridze - Nadzaladevi 2:15 0:20 2:35

Madzaladevi - Station Square 1:35 0:25 2:00

Station Square - Marjanishvili 2:05 0:35 2:40

Marjanishvili - Rustaveli 1:30 0:20 1:50

Rustaveli -Liberty square 1:40 0:15 1:55

Liberty square - Avlabari 1:40 0:20 2:00

Avlabari - 300 Aragveli 1:20 0:15 1:35

300 Aragveli - Isani 1:30 0:20 1:50

Isani - Samgori 1:45 0:20 2:05

Samgori - Varketili 2:05 - 2:05
Sum 25:50 4:55 30:45
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6.4. TTC SUBSTATION CAPACITY

Operational Rectifier Spare Rectifier
Capacity [kW] or [A] Capacity [kW] or [A]
Name Type No No.1 No.2 No.3 No.4 No.1 No.2
Gotsiridze Mixed 1 1320kW/1600A 1320kW/1600A 1320kW/1600A 1320kW/1600A 1320kW/1600A 1320kW/1600A
Main Line
Main Line| Marianishvil Traction 2 1320KW/1600A 1320kW/1600A 1320kW/1600A
Main Line|Aviabari Traction 3 2640kW/3200A 2640kW/3200A 2640KW/3200A
. _|Samgori Traction 4 2640kW/3200A 2640kW/3200A 2640kW/32004
Main Line
saburtalo Line Station Square 2 Mixed 5| 1320kW/1600A 1320kW/1600A
saburtalo Line|Toereteli Mixed 6 1320kW/1600A 1320kW/1600A
saburtalo Line|TEChNIcal University Mixed 7 1320kW/1600A 1320kW/1600A
Saburtalo Line|Medical University Mixed 8 1320kW/1600A 1320KW/1600A
saburtalo Line|D€lisi Mixed 9 1320KW/1600A 1320kW/1600A 1320kW/1600A
Main Line|Grmagele Mixed 10 1320kW/1600A 1320kW/1600A 1320kW/1600A
Main Line Guramishvili Mixed 11 1320kW/1600A 1320kW/1600A 1320kW/1600A
Main Line Sarajishvili Mixed 12| 1320kW/1600A 1320kW/1600A
Main Lina|Akhmeteli Theatre Mixed 13| 1320kW/1600A 1320kW/1600A 1320kW/1600A
Main Line| Verketil Mixed 14] 1320kW/1600A 1320kW/1600A 1320kW/1600A
Saburtalo Line|State University Mixed 15| 2000kW/2424A 2000kW/2424A 2000kW/2424A
6.5. VI CURVE & DIODE DATA

960 ! T ! T T T T T T T . ! . !

©o
o
w

Voltage U, B
(o]
3

800

750 i i | | | | 1 | | | | | | |
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 750
Current |, A

Volt-amper dependency curve of 6 pulse rectifier of traction power station, developed by modeling.
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	Appendix 1 Interface Control Document
	1.  Introduction
	1.1 General
	1.1.1 This Interface Control Document (ICD) is prepared under the technical scope of the Feasibility Study for the procurement of new Rolling Stock for Tbilisi Metro. This document has been developed early in the project lifecycle, as part of the Feas...
	1.1.2 The ICD is a ‘living’ document that is to be updated throughout the project lifecycle until handover and acceptance by TTC of the new Rolling Stock.
	1.1.3 The purpose of this DRAFT version of the ICD is to identify interfaces and based on data obtained during the Feasibility Study and document relevant interface information/data that is to be exchanged between the interfacing parties. Subsequent u...
	1.1.4 To simplify the ICD at this Feasibility Study project phase, this document includes interfaces between the new Rolling Stock and ALL other interfacing parties. Once design commences, and the level of interfacing detail increases, it may be neces...

	1.2 Rolling Stock Contractor (Lead)
	1.2.1 This ICD assumes that the supplier of the new Rolling Stock is the ‘Lead’ interfacing party. The assignment of the Lead role, requires the Rolling Stock supplier to be responsible for preparing, issuing and updating the ICD and managing the exch...

	1.3 Other Systems (Followers)
	1.3.1 This ICD assumes that all other systems/interface parties, as defined in this ICD, are the ‘Follower’ interfacing party. The assignment of the Follower role, requires each interface party to proactively provide the interface details defined and ...

	1.4 Interface Requirements
	1.4.1 Prior to preparing this ICD an Interface Matrix was developed to identify interfaces between the new Rolling Stock and other sub-systems and parties. The Interface Matrix is therefore an input to this ICD. As necessary, the Interface Matrix will...
	1.4.2 Interface requirements defined in this document are derived from interface details contained in the Study Team’s System Requirements Specification (SRS) and the experience and expertise of the Rolling Stock, Power, Signalling/Communications, Dep...

	1.5 Interface Classification
	1.5.1 To improve the clarity of interface data, and facilitate more efficient management, the interface information in this ICD uses the following classifications of the interface data:

	1.6 Monitoring Progress and Close-out
	1.6.1 Appendix A of this ICD includes sign-off sheets between the interface parties. Interface sign-off and monitoring is based on a 3-part process. Each part is defined as follows:


	2.  ABBREVIATIONS
	3.  Rolling Stock - Infrastructure Interface
	3.1 Scope
	3.1.1 The scope of the Rolling Stock-Infrastructure interface includes the existing Track, Stations, Tunnel, Viaduct, At-grade sections of the Tbilisi metro.

	3.2 Physical/Mechanical Interface
	3.2.1 The Rolling Stock Contractor shall supply the following information to TTC’s Engineers responsible for Infrastructure as a minimum:
	3.2.2 TTC’s Engineers responsible for Infrastructure shall supply/verify the following information to the Rolling Stock Contractor as a minimum:

	3.3 Electrical (Not Used)
	3.4 Functional (Not Used)
	3.5 Electromagnetic Compatibility (Not Used)

	4.  Rolling Stock – Traction Power Interface
	4.1 Scope
	4.1.1 The scope of the Rolling Stock-Traction Power interface includes the interface to the traction power substations, 3rd Rail and Regenerative Braking Receptivity system (if fitted) for the Tbilisi metro.

	4.2 Physical/Mechanical Interface
	4.2.1 The Rolling Stock Contractor shall supply the following information to TTC’s Engineers responsible for Traction Power as a minimum:
	4.2.2 TTC’s Engineers responsible for Traction Power shall supply the following information to the Rolling Stock Contractor as a minimum:

	4.3 Electrical
	4.3.1 The Rolling Stock Contractor shall supply the following information to TTC’s Engineers responsible for Traction Power as a minimum:
	4.3.2 TTC’s Engineers responsible for Traction Power shall supply the following information to the Rolling Stock Contractor as a minimum:

	4.4 Functional
	4.4.1 The Rolling Stock Contractor shall supply the following information to TTC’s Engineers responsible for Traction Power as a minimum:
	4.4.2 TTC’s Engineers responsible for Traction Power shall supply the following information to the Rolling Stock Contractor as a minimum:

	4.5 Electromagnetic Compatibility
	4.5.1 General
	4.5.2 Both the Rolling Stock Contractor and TTC’s Engineers responsible for Traction Power shall exchange all necessary information concerning EMC/EMI in the respective systems to ensure compatibility in the design of systems. The information includes...
	4.5.3 EMC/EMI Test
	4.5.4 Both the Rolling Stock Contractor and TTC’s Engineers responsible for Traction Power shall jointly develop a test plan detailing how the electromagnetic compatibility between the Systems will be verified.
	4.5.5 The Rolling Stock Contractor shall supply, as appropriate, EMC compliance certificates for relevant components.


	5.  Rolling Stock – Signalling Interface
	5.1 Scope
	5.1.1 The scope of the Rolling Stock-Signalling interface includes the On-board signalling, wayside signalling and Signalling/Rolling Stock interfaces with regard to transmission/presentation of data/alarms to the OCC.

	5.2 Physical/Mechanical Interface
	5.2.1 The Rolling Stock Contractor shall supply the following information to TTC’s Engineers responsible for Signalling as a minimum:
	5.2.2 TTC’s Engineers responsible for Signalling shall supply the following information to the Rolling Stock Contractor as a minimum:

	5.3 Electrical
	5.3.1 The Rolling Stock Contractor shall supply the following information to TTC’s Engineers responsible for Signalling as a minimum:
	5.3.2 TTC’s Engineers responsible for Signalling shall supply the following information to the Rolling Stock Contractor as a minimum:

	5.4 Functional
	5.4.1 The Rolling Stock Contractor shall supply the following information to TTC’s Engineers responsible for Signalling as a minimum:
	5.4.2 TTC’s Engineers responsible for Signalling shall supply the following information to the Rolling Stock Contractor as a minimum:

	5.5 Electromagnetic Compatibility
	5.5.1 General
	5.5.2 Both the Rolling Stock Contractor and TTC’s Engineers responsible for Signalling shall exchange all necessary information concerning EMC/EMI in the respective systems to ensure compatibility in the design of systems. The information includes, bu...
	5.5.3 EMC/EMI Test
	5.5.4 Both the Rolling Stock Contractor and TTC’s Engineers responsible for Signalling shall jointly develop a test plan detailing how the electromagnetic compatibility between the Systems will be verified.
	5.5.5 In the event of a failed test, both Rolling Stock Contractor and TTC’s Engineers responsible for Signalling shall work together to investigate the cause of the failure and jointly develop the corrective actions necessary to resolve the failed te...
	5.5.6 Any test that has failed shall be repeated until a satisfactory test resultis achieved.
	5.5.7 The Rolling Stock Contractor shall supply, as appropriate, EMC compliance certificates for relevant components.


	6.  Rolling Stock – Communications Interface
	6.1 Scope
	6.1.1 The scope of the Rolling Stock-Communications interface includes the on-board communication systems (Radio, Public Address, CCTV), wayside communication systems (Radio) and Rolling Stock/Station communications e.g. CCTV and Public Address. The s...

	6.2 Physical/Mechanical Interface
	6.2.1 The Rolling Stock Contractor shall supply the following information to TTC’s Engineers responsible for Communications as a minimum:
	6.2.2 TTC’s Engineers responsible for Communications shall supply the following information to the Rolling Stock Contractor as a minimum:

	6.3 Electrical
	6.3.1 The Rolling Stock Contractor shall supply the following information to TTC’s Engineers responsible for Communications as a minimum:
	6.3.2 TTC’s Engineers responsible for Communications shall supply the following information to the Rolling Stock Contractor as a minimum:

	6.4 Functional
	6.4.1 The Rolling Stock Contractor shall supply the following information to TTC’s Engineers responsible for Communications as a minimum:
	6.4.2 TTC’s Engineers responsible for Communications shall supply the following information to the Rolling Stock Contractor as a minimum:

	6.5 Electromagnetic Compatibility
	6.5.1 General
	6.5.2 Both the Rolling Stock Contractor and TTC’s Engineers responsible for Communications shall exchange all necessary information concerning EMC/EMI in the respective systems to ensure compatibility in the design of systems. The information includes...
	6.5.3 EMC/EMI Test
	6.5.4 Both the Rolling Stock Contractor and TTC’s Engineers responsible for Communications shall jointly develop a test plan detailing how the electromagnetic compatibility between the Systems will be verified.
	6.5.5 The Rolling Stock Contractor shall supply, as appropriate, EMC compliance certificates for relevant components.


	7.  Rolling Stock – Depot/Workshop Interface
	7.1 Scope
	7.1.1 The scope of the Rolling Stock-Depot/Workshop interface includes Lifting, Jacking, Underframe Inspection, removal of components and parts from the Rolling Stock for Inspection/Maintenance, Roof Inspection, Stinger, Stabling, Train Wash, Interior...

	7.2 Physical/Mechanical Interface
	7.2.1 The Rolling Stock Contractor shall supply the following information to TTC’s Engineers responsible for the Depot/Workshop as a minimum:
	7.2.2 TTC’s Engineers responsible for the Depot/Workshop shall supply the following information to the Rolling Stock Contractor as a minimum:

	7.3 Electrical
	7.3.1 The Rolling Stock Contractor shall supply the following information to TTC’s Engineers responsible for the Depot/Workshop as a minimum:
	7.3.2 TTC’s Engineers responsible for the Depot/Workshop shall supply the following information to the Rolling Stock Contractor as a minimum:

	7.4 Functional
	7.4.1 The Rolling Stock Contractor shall supply the following information to TTC’s Engineers responsible for the Depot/Workshop as a minimum:
	7.4.2 TTC’s Engineers responsible for the Depot/Workshop shall supply the following information to the Rolling Stock Contractor as a minimum:

	7.5 Electromagnetic Compatibility
	7.5.1 Not Used.


	8.  Rolling Stock – existing Rolling Stock fleet Interface
	8.1 Scope
	8.1.1 The scope of the Rolling Stock-Existing Fleet interface includes coupling, lighting and rescue of failed trains.

	8.2 Physical/Mechanical Interface
	8.2.1 The Rolling Stock Contractor shall supply the following information to TTC’s Engineers responsible for the existing Rolling Stock Fleet as a minimum:
	8.2.2 TTC’s Engineers responsible for the existing Rolling Stock Fleet shall supply the following information to the Rolling Stock Contractor as a minimum:

	8.3 Electrical
	8.3.1 The Rolling Stock Contractor shall supply the following information to TTC’s Engineers responsible for the existing Rolling Stock Fleet as a minimum:
	8.3.2 TTC’s Engineers responsible for the existing Rolling Stock Fleet shall supply the following information to the Rolling Stock Contractor as a minimum:

	8.4 Functional
	8.4.1 The Rolling Stock Contractor shall supply the following information to TTC’s Engineers responsible for the existing Rolling Stock Fleet as a minimum:
	8.4.2 TTC’s Engineers responsible for the existing Rolling Stock Fleet shall supply the following information to the Rolling Stock Contractor as a minimum:

	8.5 Electromagnetic Compatibility
	8.5.1 General
	8.5.2 Both the Rolling Stock Contractor and TTC’s Engineers responsible for the existing Rolling Stock fleet shall exchange all necessary information concerning EMC/EMI in the respective systems to ensure compatibility in the design of systems. The in...
	8.5.3 EMC/EMI Test
	8.5.4 Both the Rolling Stock Contractor and TTC’s Engineers responsible for the existing Rolling Stock fleet shall jointly develop a test plan detailing how the electromagnetic compatibility between the Systems will be verified.
	8.5.5 The Rolling Stock Contractor shall supply, as appropriate, EMC compliance certificates for relevant components.


	9.  Rolling Stock – Environmental Interface
	9.1 Scope
	9.1.1 The scope of the Rolling Stock-Environmental interface includes internal and external noise and potential EMC/EMI impact to hospitals and local housing adjacent to the metro.
	9.1.2 The Rolling Stock Contractor’s Engineers responsible for EMC/EMI and environmental issues shall supply the following information to the Rolling Stock Contractor as a minimum:
	9.1.3 TTC’s Engineers responsible for the environmental issues shall verify the following information to the Rolling Stock Contractor as a minimum:

	9.2 Physical Interface – Not Used
	9.3 Mechanical Interface – Not Used
	9.4 Electrical – Not Used
	9.5 Functional – Not Used
	9.6 Electromagnetic Compatibility
	9.6.1 General
	9.6.2 The Rolling Stock Contractor and the parties responsible for the Environmental issues shall exchange all necessary information concerning EMC/EMI in the respective systems to ensure compatibility in the design of systems. The information include...
	9.6.3 EMC/EMI Test
	9.6.4 The Rolling Stock Contractor and the parties responsible for the Environmental issues shall jointly develop a test plan detailing how the electromagnetic compatibility of the Rolling Stock with the Environmental conditions will be verified.
	9.6.5 The Rolling Stock Contractor shall supply, as appropriate, EMC compliance certificates for relevant components.


	10.  verification & Testing
	10.1 General
	10.1.1 Each Contractor shall carry out independent tests, communication protocol tests and integrated system functional tests to verify all aspects of the interface.
	10.1.2 The Rolling Stock Contractor shall take the lead role in planning and coordinating the execution of the testing and commissioning of the interface.
	10.1.3 Each Contractor shall provide all resources necessary to complete the tests. This shall include having staff to attend the tests that are capable of fully diagnosing all interface problems with respect to their own contract equipment and system...
	10.1.4 Each Contractor shall provide all resources necessary to rectify faults identified during testing.

	10.2 Integrated Test
	10.2.1 The integrated tests shall verify the successful integration of the systems and that jointly they provide the overall system integrated functions. The Rolling Stock contractor shall develop the integration test procedures and methods. Other con...


	11. Schedule
	11.1 Not used in this version.


	Appendix 2 Design Criteria
	1.  Introduction
	1.1 Purpose
	1.1.1 The Design Criteria has been prepared as part of the technical studies under the Feasibility Study for the Procurement of New Rolling Stock for Tbilisi Metro, Georgia.
	1.1.2 This Design Criteria is intended as a key input document to the Basic Design phase that is planned to follow-on from the Feasibility Study phase. This Design Criteria should be used as a basis from which to commence the Basic Design for the new ...
	1.1.3 The purpose of the Design Criteria is to establish and document the critical design elements that the new Rolling Stock must comply with in order for the new Rolling Stock to be integrated into the existing Tbilisi Metro and operated in conjunct...
	1.1.4 Seamless integration and operation of the new Rolling Stock on Tbilisi Metro is a key factor and consideration of the Feasibility Study’s technical experts. To realize the full benefit of procuring the new Rolling Stock, it must be specified, de...
	1.1.5 Due to the age and condition of Tbilisi Metro, it is likely that to achieve seamless integration of the new Rolling Stock, some of the Tbilisi Metro’s legacy systems and facilities, for example Depot Workshop equipment, will need to be modified ...
	1.1.6 This Design Criteria has been developed early in the process and it has been based on:

	1.2  Scope
	1.2.1 The scope of this Design Criteria includes:
	1.2.2 This Design Criteria also includes key considerations related to Human Factors specifically related to the ergonomic design of the driver’s cab such that it can accommodate both the existing controls and equipment as well as provisioning for the...
	1.2.3 Human Factors related to the passenger saloon is also included within this Design Criteria, specifically with regard to the arrangement of saloon, safe access and egress and provisions for disabled passengers.
	1.2.4 Environmental considerations are included in this Design Criteria as they apply to passenger comfort (e.g. interior noise levels) and impact on passengers waiting at platforms and other close neighbors (e.g. external noise).
	1.2.5 Environmental considerations as they apply to the impact of the new Rolling Stock on the environment that surrounds Tbilisi’s Metro are addressed in the study team’s Feasibility Report.
	1.2.6 Testing, handover and acceptance is briefly considered within this Design Criteria from the point of view of identifying key considerations that require early implementation. Examples include a Test Track on which to conduct dynamic testing and ...
	1.2.7 Maintainability and training that are important to handover and the on-going maintenance are also addressed briefly in this Design Criteria.

	1.3  Interfaces
	1.3.1 Interfaces between the new Rolling Stock and other sub-systems, for example Traction Power, Signalling and Track etc. are not included in this Design Criteria.
	1.3.2 Interfaces are defined in a specific rolling stock Interface Control Document (ICD) that has also been developed as part of this Feasibility Study. Collectively, this Design Criteria and the ICD form the technical description and outline require...
	1.3.3 For interfacing details refer to the current revision of the following document: Interface Control Document – Rolling Stock to Multi Sub-systems, document number TBL1-FSRS-SEI-INT-0001.

	1.4 References
	1.4.1 Reference was made to the following items in the development of this Design Criteria:
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	7.10.1 Doors arrangements
	7.10.2 Door Operation
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	8.  Communications & PASSENGER INFORMATION SYSTEMS
	8.1 Radio
	8.2 Public Address
	8.3 CCTV
	8.4 Passenger Information Systems
	8.4.1 Exterior Displays and Audible Installations
	8.4.2 Interior Displays
	8.4.3 Voice and Data Radio
	8.4.4 External Loudspeakers
	8.4.5 Passenger Intercom
	8.4.6 Passenger Emergency Device


	9.  Reliability, Availabilty & Maintainability
	9.1 General
	9.1.1 Reliability, Availability and Maintainability (RAM) figures used in this Design Criteria have been derived from the source documents provided by TTC. Specifically, the figures provided in the document “General Requirements to Metro Cars” have be...

	9.2 Mean Distance Between Failures (MDBF)
	9.2.1 MDBF is a key metric that measures the overall reliability of the new Rolling Stock, it is a metric used by many other similar metros worldwide. To optimize the rolling stock design and avoid over-designing non-critical components, the MDBF figu...
	9.2.2 Categories of failures
	9.2.3 For this Design Criteria, the categories and definitions provided in the “General Requirements to Metro Cars” have been used:
	9.2.4 MDBF – Category A & B
	9.2.5 MDBF – Category C
	9.2.6 MDBF – Category D

	9.3 Maintainability
	9.3.1 Subject to any modifications and improvements identified in the Feasibility Team’s Feasibility Study Report, the new Rolling Stock should be able to be maintained by trained staff at the existing maintenance facilities and workshop.
	9.3.2 As the supplier of the new Rolling Stock has not yet been identified and since the maintainability of Rolling Stock is unique to each supplier, it is not appropriate to include maintainability figures in this Design Criteria. In place of maintai...


	10.  SAFETY & Quality
	10.1 Hazard Management
	10.1.1 The purpose of Hazard Management is to:
	10.1.2 Identification of hazards is fundamental to safety management. Where hazards are not identified, they cannot be managed and, as necessary, designed out or mitigated. Therefore, it is crucial to the design of the new Rolling Stock that all poten...
	10.1.3 Hazard management should consider all stages of the project lifecycle and include people, processes as well as the Rolling Stock and it’s associated systems and subsystems.
	10.1.4 Hazard management should address the risk to the existing system and to the metro environment within which the new Rolling Stock will be operated.
	10.1.5 All hazards should be recorded in the Hazard Log. The Hazard Log is to be implemented as part of the future Basic Design at the outset of the procurement of the new Rolling Stock. The Hazard log should be maintained (and updated as necessary) t...
	10.1.6 Key activities related to hazard management that should be conducted in parallel to preparation of the Basic Design are:
	10.1.7 Hazards identified should be assessed to determine the risk of the hazard in terms of its likelihood and consequences. All risks should be assessed and reduced to as Low As Reasonably Practicable (ALARP). The Hazard Log should be updated as haz...
	10.1.8 The outcome of the Hazard Management process, and evidence created throughout its implementation is essential to support the Safety Case.

	10.2 Safety Case
	10.2.1 The Safety Case provides formal and documented evidence that the new Rolling Stock is safe for its intended operation on the existing Tbilisi metro. The Safety Case relies upon the collation of evidence, performance of tasks and the creation of...
	10.2.2 The European Standard EN50126 provides guidelines for developing the Safety Case and as such it is recommended that this standard be adopted and followed.
	10.2.3 Review and approval of the Safety Case is likely to require involvement of the various authorities in Tbilisi in addition to TTC. To ensure that the Safety Case meets all stakeholders’ requirements, it is crucial to identify all relevant stakeh...
	10.2.4 Further information on the Safety Case, the approach to its development and safety certification is included in the Study Team’s Feasibility Report.

	10.3 Fire Protection
	10.3.1 The fire-safety protection, evacuation and rescue design concept for passengers shall be in accordance with the current EU standards e.g. NPB 109-96 or equivalent for metro trains.
	10.3.2 The train and its components shall be designed, verified and validated according to EN 45545-1-7 or GOST 50850-96 & NPB 109-96 standards.
	10.3.3 Materials shall be of low flammability and non-toxic. Fire loads shall be reasonably minimized with regard to operation in tunnels. All materials used in the vehicles interior shall be tested in accordance with respective test procedures releva...
	10.3.4 The floor assembly, including supports, penetrations with fasteners, conduits, pipes and floor to wall connections, shall perform as a fire separation barrier for a minimum period of 30 minutes after an under car fire has started.
	10.3.5 Roof fire resistance shall be verified in accordance with ISO 834-1 or NPB 109-96.
	10.3.6 The fire alarm system shall be designed in accordance with EN 45545 or NPB 109-9..

	10.4 Quality
	10.4.1 All work shall be managed in accordance with EN ISO9001
	10.4.2 The Rolling Stock supplier shall prepare and submit a Quality Management Plan that sets out their approach to quality and application of the EN ISO9001 quality system.


	11.  Human factors
	11.1 Ergonomics
	11.1.1 Ergonomic design of the cab is crucial to the safe and efficient operation of the rolling stock. Therefore, the new Rolling Stock should be designed in accordance with European Health & Safety regulations and guidelines. During preparation of t...

	11.2 Driver’s Cab
	11.2.1 The design of the driver’s cab of the new Rolling Stock should be in accordance with the following principles:
	11.2.2  The design of the driving console of the new Rolling Stock should, as far a possible follow the general layout of the existing rolling stock. However, where possible, the following principles should be followed:

	11.3 Saloon
	11.3.1 The design of the saloon of the new Rolling Stock should be in accordance with the following principles:
	11.3.2 Floor height


	12.  ENVIRONMENTAL CONDITIONS
	12.1 Ambient Conditions
	12.1.1 Climatic conditions
	12.1.2 Other Conditions
	12.1.3 For client’s information tenderers shall describe their specific friction detection and propulsion control system.

	12.2 Noise
	12.3 EMC/EMI

	13. TESTING, HANDOVER & ACCEPTANCE
	13.1 Testing
	13.1.1 To mitigate integration risks related to the new Rolling Stock, existing signalling system and traction power the new Rolling Stock must undergo a series of static and dynamic tests prior to acceptance and operation on the existing Tbilisi metr...
	13.1.2 To facilitate early integration testing between the Rolling Stock and other subsystems and dynamic testing a length of test track needs to be made available. It is ideal if this test track is available at the manufacturer’s facilities and this ...
	13.1.3 In the event that a test track is not available at the manufacturer/assembly facilities, then arrangements need to be made with TTC to allow dynamic testing of the new Rolling Stock using a section of the existing metro.

	13.2 Test Documentation
	13.2.1 Documentation to plan and record the outcome of tests is required. This documentation should include:
	13.2.2 Test documentation is not a set of static documentation, the test documentation should be considered as active documents. As active documents, they should be kept up-to-date and amended (as necessary) in response to the execution of the tests a...
	13.2.3 The Test Schedule should set out the planned testing activities, sequence of tests, planned duration of each test and inter-dependency of testing activities together with key dates, milestones.
	13.2.4 The scope of the Test Schedule should include static tests, dynamic tests as well as system integration tests that are required to verify the integration of the new Rolling Stock.
	13.2.5 Should dynamic tests require the use of the operational metro (or a section thereof), the management, safety, access, test execution and scheduling of the tests should be coordinated with TTC.
	13.2.6 The Test Plan should describe the approach to testing, the test organization, responsibilities, test evidence and verification of tests against requirements. The Test Plan should include the Test Schedule.
	13.2.7 The Test Procedures should be prepared for each planned test. The Test Procedure should describe the test method(s), test steps, the pass/fail criteria, test environment & conditions and method for recording the test outcome.
	13.2.8 Test Records are required as evidence to support the Safety Case, handover and acceptance. Test records for all tests (static & dynamic) should be produced to record the outcome of each test.
	13.2.9 The Test Record should record the test environment and conditions at the time of the test, the personnel responsible for performing the test, test equipment, date, time and test outcome.
	13.2.10 The Test Record should include a method to link/trace the test to the requirement(s) that the test satisfies together with a method for the test personnel to verify that the test fulfills the overarching requirement(s).
	13.2.11 A Master Test List should be maintained to record and track the status of the planned tests and respective outcomes.

	13.3 Handover & Acceptance
	13.3.1 Handover and acceptance of the new Rolling Stock must be planned sufficiently in advance of the planned delivery. This is to provide sufficient time to prepare and assemble the necessary supporting document. It is anticipate that a minimum of 1...


	14.  maintenance & TRAINING
	14.1 Maintenance
	14.2 Maintenance Concept
	14.3 RAMS Requirements
	14.3.1 Mean Distance Between Failures (MDBF)
	14.3.2 Availability
	14.3.3 Maintainability
	14.3.4 Safety Requirements

	14.4 Interchangeability
	14.5 Washing and Cleaning
	14.6 Anti-Vandalism Concept


	Appendix 3 Traction Power Simulation
	Executive Summary
	1. Introduction
	2. Data collection and interpretation
	2.1. Route data
	2.1.1. Station information
	2.1.2. Gradient
	2.1.3. Speed limit

	2.2. Rolling stock data (3 fleets)
	2.3. Operation data
	2.4. Power network data

	3. Train motion simulation results
	3.1. Akhmeteli Theatre to Varketili (up-direction) results
	3.1.1. Speed profile (3 trains)
	3.1.2. Mechanical power profile (3 trains)
	3.1.3. Acceleration profile (3 trains)

	3.2. Varketili to Akhmeteli Theatre (down-direction) results
	3.2.1. Speed profile (3 trains)
	3.2.2. Mechanical power profile (3 trains)
	3.2.3. Acceleration profile (3 trains)

	3.3. Results comparison
	3.3.1. Akhmeteli Theatre to Varketili (up-direction) results
	3.3.2. Varketili to Akhmeteli Theatre (down-direction) results


	4. Traction power network simulation
	4.1. Substation results
	4.1.1. ET
	4.1.2. NT1
	4.1.3. NT2

	4.2. Train results
	4.2.1. ET
	4.2.2.  NT1
	4.2.3. NT2

	4.3. Feeder cable loading
	4.4. Substation loading percentage
	4.5. Fault simulation, mid-line
	4.6. Fault simulation, end-line
	4.7. Off-peak time simulation
	4.8. Summary result comparison

	5. Conclusions & Recommendations
	6. Appendix
	6.1. Tbilisi Metro - General Description & Station Locations
	6.2. Tbilisi Rolling Stock Data_for Simulation 2022.01.09
	6.3. Tbilisi Metro - Inter-station run and dwell times
	6.4. TTC Substation Capacity
	6.5. VI Curve & Diode Data





