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ABSTRACT

A number of mass transit systems had been conceived for Bangkok under private and Government
initiative. To complete the mass transit systems, a “secondary” Mass Transit Master Plan (MTMP) has
studied. A secondary MTMP will extend accessibility of mass transit into new areas. A light rail transit rail
along the Khlong Rama I1I- Chongnonsee has appropriate been studied as a secondary MTMP. This special
project contains the information of the traffic, engineering design, vehicle and environmental of that rail

transit.
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4.17.2 Tnsamsse Tivhumuns
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13N 4.1 Assumed Mass Transit Completion Dates

Scheme: Section: MTMP Status: Assumed
priority: Completion
by beginning
of year:

Green Line {National Stadium - Taksin Bridge Committed | Construction | 2000
Morchit — Sukhumvit 77 Committed | Construction 2000

Morchit — Ratchayothin Priority 1 | No Contract 2002

Taksin Bridge — Wongwienyai Priority 1 Negotiation 2002

Sukhumvit 77 — Quter Ring Road Priority 1 | No Contract 2002

Bang Na - Bang Phli/Second Airport Priority 1 | Negotiation 2002

Red Line |Yommarat — Rangsit Committed | Construction 2001
Y ommmarat - Hua Mark Committed | Construction 2001

Yommarat - Hua Lampong Committed | Not started 2003

Yommarat - Taling Chan Priority 1 Not started 2006

Taling Chan - New Taling Chan Sub-Center | Priority2 | No Contrait_t 2006

Hua Lampong —~ Phonimit Priority 1 Not started 2006

Phonimit - New Taling Chan Sub-Center Priority 2 | No Contract 2006

Blue Line |Bangseu — Hualampong Committed { Construction 2002
Bangseu — Phranangklao Bridge Priority 1 | No Contract 2003

Hua Lampong — Bang Khae Priority 1 | No Contract 2004

Orange Line {Bangkapi — Ratburana Priority 1 | No Contract 2004
Bangkapi — Minburi Priority2 | No Contract 2006

Ratburana — Sukhumvit Highway Priority 2 { No Contract 2006
Purple Line (Bangphut — Samsen Priority 2 | No Contract 2006 '
| Guided |Cheang Watthana - Victory Momment Committed | Tender 2000

Busway
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1995 Baht per person per hour
1995 2001 2011 2021

By Vehicle Availability Group:

*No vehicle availability (for estimating private modal split) 26.4 330 45.0 61.2
*One motorcycle available 27.6 34.8 47.4 64.2
*One car available 57.0 714 97.2 132.0
*Multi-vehicle available 78.0 97.8 133.2 179.4
*High Comfort 62.6 782 106.4 144 4
*Standard Comfort 282 352 478 T 649
By Private Vehicle:

*Car . 57.0 71.4 97.2( 1320
*Motorcycle | 27.6 348 474 642
*Taxi 27.0 714 97.2 132.0J
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1319 4.3 Public Transport Fares

Description Fare Distance
(Baht) Range (km)
Ordinary Bus 3.50 -
“Ordinary Expressway Bus 4.00 0-3
6.00 3+
Air Conditioned Bus: Fixed Fare 10.00 -
1 Air Conditioned Bus: Graduated Fare 6.00 0-8
(Ordinary/Expressway) 8.00 8-12
10.00 12-16
12.00 16-20
14.00 20-24
16.00 24+
Micro Bus 25.00 -
Soi Bus 3.00 -
Provincial Bus 4.00 -
Ordinary River Ferry 1.00 -
Express and Khlong Ferry 5.00 0-7
7.00 7-10
12.00 .. 10-18
14.00 18-24
16.00 24+
Suburban Train (SRT Rail) 2.00 0-15
3.00 15-21
5.00 21-27
6.00 27-31
7.00 31-40
9.00 40-47
10.00 47+
Mass Transit (Rama 3) 10 baht boarding + 0.5 baht per km.

(minimum 10.5 baht)
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A17W 4.4 Feeder System Fare Comparison

Journey of up to 1 km.
- Feeder System

~ - MTMP mass transit
- Air-condtioned bus

- Normal Bus

Journey of up to 3 km.
- Feuder System

- MTMP mass transit
- Air-condtioned bus

-Nomal Bus

Journey of up to 5 km.
- Feeder System

- MTMP mass transit
- Air-condtioned bus
-Normal Bus

Joumney of up to 10 km.
- Feeder System

- MTMP mass transit

= Air-condtioned bus
-Normal bus

1995 prices

10.50
7.00
6.00
3.50

11.50
9.00
6.00

3.50 -

12.50
11.00
6.00
3.50

15.00
16.00
8.00
3.50

Baht
Baht
Baht
Baht

Baht
Baht
Baht
Baht

Baht
Baht
Baht
Baht

Baht
Baht
Baht
Baht
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Start Point End Point Boarding
Sathupradit Ramkamhaeng 9,028
Ramkamhaeng Sathupradit 8,354
The Mall Taphra Sathupradit 20,924
Sathupradit Victory Monument 27,134
Victory Monument Sathupradit 28,563
Chong Nonsi Wat Samiennaree 20,903
Wat Samiennaree Chong Nonsi 22,462
Bangkok Technic Wong Wien Yai 62,727
Custom Department Ta Phra 21,317
Ta Phra Custom Department 22,491

Sub-total Regular Bus 243,903

Charoenkrung Sathupradit 6,289
Sub-total Soi Bus 6,289

Custom Department Ta Phra 11,653
Sathupradit Ramkamhaeng 4,591
Ramkamhaeng Sathupradit 3,871
Sathupradit Victory Monument 15,249
Victory Monument Sathupradit - 15,672
Chong Nonsi Wat Samiennaree 9,160
.Wat Samiennaree Chong Nonsi 10,964
Bangkok Technic Wong Wien Yai 70,550
The Mall Taphra Khlon 15,152
Sub-total Air-conditioned Bus 156,862

Total All Buses 407,054
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From Sathom Nakom To Sathorn Nakomn
Station Boarding Alighting Boarding Alighting
Sathom Nakom 75,238 0 0 77,002
Technical Institute 2,161 10,849 10,729 2,008
Chan Tudmai 3,360 14,676 14,200 3,010
Wat Phoman 3,268 6,478 6,374 3,115
Bangkok Bank 3,546 11,195 13,662 3,554
Supalai 755 5,354 5312 645
SV Garden 1,884 3,699 3,673 2,239
SV Riverside 1,420 4,292 4,369 1,436
Satupradit 1,903 12,656 7,650 1,958
Rama IX Bridge 1,588 2,355 8,157 2,081
Ratchada Hotel 3,841 9,073 8,420 4951
Montien Hotel 1,079 6,614 6.544 1,248
Wat Chan Nok 823 1,621 1,589 876
Charoen Krung 0 12,004 13,441 0
Total 100,865 100,867 104,120 104,123
Total daily boarding 204,98.5*
Total daily revenue (Baht) 2,529,881
Average fare (Baht) 12.34
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Start Point End Point Boarding
Sathupradit Ramkamhaeng 9,634
Ramkamhaeng Sathupradit 8,212
The Mall Taphra Sathupradit 18,011
Sathupradit Victory Monu. 28,852
Victory Monument Sathupradit 27,366
Chong Nonsi Wat Samiennaree 22,031
Wat Samiennaree Chong Nonsi 22,014
Bangkok Technic Wong Wien Yai 57,878/
Custom Department Taphra 18,242
Taphra Custom Department 20,456

Sub-total Regular Bus 232,696
Charoenkrung Sathupradit 5,800
Sub-total Soi Bus 5,800
Custom Department Taphra 3,339
Sathupradit Ramkamhaeng 3,374
Ramkamhaeng Sathupradit 3,335
Sathupradit Victory Monument 11,474
Victory Monument Sathupradit 10,016
Chong Nonsi Wat Samiennaree 4,077
Wat Samiennaree Chong Nonsi 3,735
Bangkok Technic Wong Wien Yai 32,428
The Mall Taphra Sathupradit 3,979
Sub-total Air-condition Bus 5,800

Total All Buses 314,253}
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From Sathorn Nakorn To Sathorn Nakorn

. Station Boarding Alighting Boarding Alighting
Sathorn Nakom 57,668 0 0 50,999
- Technical Institute 1,458 11,550 11,431 1,118
‘ Chan Tudmai 1,176 24,258 27,839 737
Wat Phoman 0 24,495 13,584 0
Bangkok Bank 0 0 0 0
Supalai 0 0 0 0
SV Garden 0 0 0 0
SV Riverside ] 0 0 0
; Satupradit 0 0 0 0
Rama IX Bridge 0 0 0 0
Ratchada Hotel 0 0 Q 0
Montien Hotel 0 0 0 0
, Wat Chan Nok 0 0 0 0
Charoen Krung 0 0 0 0
' Total 60,302 60,302 52,854 52,854

Total daily boarding 113,155 -
" Total daily revenue (Baht) 1,237,25
| Average fare (Baht) 12.94
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From Sathorn Nakom To Sathorn Nakor;x
Station Boarding Alighting Boarding Alighting
Sathorn Nakomn 77,481 0 0 75,005
= Technical Institute 1,536 11,366 11,353 k 1,492
Chan Tudmai 2,793 17,654 16,885 2,497
Wat Phoman 2,875 6,808 6,766 2,942
Bangkok Bank 453 11.877 15,167 2,426
Supalai 1,882 5,633 5,614 408
SV Garden 1,286 4,150 4,083 1,793
SV Riverside 283 4,712 4,804 1,224
Satupradit 0 14,833 8,572 330
Rama IX Bridge 0 14,132 14,872 0
Ratchada Hotel 0 0 0 0
Montien Hotel 0 0 0 0
Wat Chan Nok 0 0 0 0
Charoen Krung 0 0 0 0
Total 91,177 91,177 88,115 88,115
Total daily boarding 179,292 --
Total daily revenue (Baht) 2,168,531
Average fare (Baht) : 12.09
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Wadudums

~  |Start Point End Point Boarding |
Sathupradit Ramkamhaeng 18,070
Ramkamhaeng Sathupradit 17,628
The Mall Taphra Sathupradit 39,514
Sathupradit Victory Monu. 38,273

Victory Monument Sathupradit 74,494]
Chong Nonsi Wat Samiennaree 74,636
Wat Samiennaree Chong Nonsi 29,985
Bangkok Technic Wong Wien Yai 177,951
Custom Department Taphra 38,037
Taphra Custom Department 52,003
' Sub-total Regular Bus 560,591
Charoenkrung Sathupradit 7,093
Sub-total Soi Bus 7,093
Custom Department Taphra 16,672
Sathupradit Ramkamhaeng 4,019
Ramkamhaeng Sathupradit 4,374
Sathupradit Victory Monument 9,560
Victory Monument ' Sathupradit 6,075
Chong Nonsi Wat Samiennaree 9,348
Wat Samiennaree Chong Nonsi 5,708
| Bangkok Technic Wong Wien Yai 40,699
The Mall Taphra Sathupradit 9,077
.  Sub-total Air-condition Bus 105,532
Total All Buses 673,216

-
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From Sathorn Nakom To Sathom Nakox;x
Station Boarding Alighting Boarding Alighting
Sathorn Nakorn 61,213 0 0 66,760
| Technical Institute 2217 7,033 5,010 1901
Chan Tudmai 3,224 15,884 11,178 3,091
Wat Phoman 2,650 4,397 3,135 1,887
Bangkok Bank 2,407 1,277 6,302 1,599
Supalai 658 2,700| 1,935 486
SV Garden 1,763 2,505| 1,793 1240
SV Riverside 1,467 3,571 4317 1,053
Satupradit 2,688 9,906 5,881 922
Rama IX Bridge 2,038 1,649 3,357 1,440
Ratchada Hotel 372 6,492 4,008 2,754
Montien Hotel 999 3,072 3,239 693
Wat Chan Nok | 3| 1,086 831 s1s|

Charoen Krung 0 16,699 33,350 0
Total 81,700 81,700 84,336 84,336

Total daily boarding 166,036

Total daily revenue (Baht) 2,164,752

Average fare (Baht) 13.04
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Start Point End Point Boarding
Sathupradit Ramkamhaeng - 18,183
Ramkamhaeng Sathupradit 1'},495; -
The Mall Taphra Sathupradit 32,137
Sathupradit Victory Monu. 39,561
Victory Monument Sathupradit 74,873
Chong Nonsi Wat Samiennaree 76,204
Wat Samiennaree Chong Nonsi 31,110}
Bangkok Technic Wong Wien Yai 158,165
Custom Department Taphra 30,674
Taphra Custom Department 46,375
Sub-total Regular Bus 524,731
Charoenkrung Sathupradit 5,873
Sub-total Soi Bus 5,873
Custom Department Taphra 9,200
Sathupradit Ramkamhaeng 3,115
Ramkamhaeng Sathupradit 2,697
Sathupradit Victory Monument 4,360
Victory Monument Sathupradit 4,728
Chong Nonsi Wat Samiennaree 7,295
Wat Samiennaree Chong Nonsi 4,348
Bangkok Technic Wong Wien Yai 24,324
The Mall Taphra Sathupradit 4,025
Sub-total Air-condition Bus 64,092
Total All Buses 594,746
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From Sathorn Nakorn To Sathorn Nakom
Station Boarding Alighting Boarding Alighting
Sathorn Nakomn 51,167 0 0 37,925
Technical Institute 1,034 8,229 5,838 1,064
Chan Tudmai 2,559 21,531 29,882 363
Wat Phoman 0 25,002 3,632 0
Bangkok Bank 0 0 0 0
Supalai 0 0 0 0
SV Garden 0] LT 0 0 0
SV Riverside 0 0 0 0
Satupradit 0 0 0 0
Rama IX Bridge 0 0 0 0
Ratchada Hotel 0 0 0 0
Montien Hotel 0 0 0 0
Wat Chan Nok 0 0 0 0
Charoen Krung 0 0 0 0
Total 54,761 54,761 39,352 39,352
Total daily boardings 94,1 13-
Total daily revenue (Baht) 1,028,740
Average fare (Baht) 10.93
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From Sathorn Nakorn To Sathomn Nakc;rn
Station Boarding Alighting Boarding Alighting
' Sathorn Nakorn 57,428 0 0 46,631
- Technical Institute 1,142 8,015 5,763 - 1,214
Chan Tudmai 1,901 17,564 11,842 1,562
\ Wat Phoman 2,182 4,800 3,463 1,605
Bangkok Bank 1,152 7,921 6,930 627
Supalai 306 2,987 2,170 245
: SV Garden 1,298 2,858 2,078 C 939
SV Riverside 936 3,981 5,499 865
: Satupradit 205 10,601 6,439 110
’ Rama IX Bridge 0 7,822 9,434 0
Ratchada Hotel 0 0 0 0
Montien Hotel 0 0 0 0
Wat Chan Nok 0 0 0 o
Charoen Krung 0 0 0 0
Total 66,551 66,551 53,618 53,618
Total daily boarding 120,169
' Total daily revenue (Baht) 1,456,048
Average fare (Baht) . 12.12
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A From Sathorn Nakom To Sathorn Nakorn
Station Boarding Alighting Boarding _ Alighting
- Sathorn Nakom 8,125 0 o 11,785
Technical Institute 221 1,100 1,772 352
Chan Tudmai 247 1,733 1,744 485
Wat Phoman 286 374 881 215
Bangkok Bank 255 1,901 1,641 665
Supalai 43 357 701 - 70
SV Garden 151 185 619 100
SV Riverside 144 128 1,014 41
Satupradit 98 1,062 738 355
Rama IX Bridge 91 696 1,025 349
Ratchada Hotel 125 1,513 1,190 698
Montien Hotel 68 1 902 2
Wat Chan Nok 85 23 365 13
Charoen Krung 0 861 2,539 0
Total 9,940 9,940 15,130 15,130
Total hourly bearding 25,070
Total hourly revenue (Baht) 314,285
Average fare (Baht) 12.54
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Sensitivity Test Total Daily Boardings % Change
LRT fares increased by 50% 174,237 -15.0
LR:I“ fares reduced by 20% 217,284 6.0
Additional 20% travel demand from station 234,840 14.6
catchment zones ‘
Reduced parallel air-conditioned bus routes 207,735 1.3
Air-conditioned bus route to complete the loop 204,951 0.0
along Charoen Krung Road
Air-conditioned bus service across planned river 275,064 342
bridge to Ratburana
Feeder ferry services across river 218,324 6.5
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TagansIn
From Sathorn Nakom To Sathorn Nakomn
Station Boarding Alighting Boarding Alighting
Sathom Nakom 80,864 0 of 8329
Technical Institute | 2,276 10,645 10,613 2,213
Chan Tudmai 3,532 14,555 14,138 3,220
Wat Phoman 3,306 6,382 6,335 3,210
Bangkok Bank 3,627 11,122 13,580 3,638
Supalai 779 5,288 5,288 T 14
SV Garden 1,912 3,690 3,647 2,260
SV Riverside 1,422 4,281 4,288 1,449
Satupradit 1,995 12,649 7,607 2,193
Rama IX Bridge 1,981 9,381 16,094 2,064
Ratchada Hotel 3,850 9,214 8,534 4,758
Montien Hotel 1,035 6,667 7,261 Lo
Wat Chan Nok 821 1,673 1,611 828
Charoen Krung 0 11,854 11,926 0
Total 107,401 107,401 110,923 110,923
Total daily bearding 218,324
Total daily revenue (Baht) 2,723,276
Average fare (Baht) 12.47
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From Sathorn Nakorn To Sathorn Nakorn
Station Boarding Alighting Boarding Alighting

Sathorn Nakomn 8,384, 0 0 13,152
Technical Institute 227 1,068 1,766 384
Chan Tudmai 252 1,693 1,741 552
Wat Phoman 288 363 879 225
Bangkok Bank 255 1,848 1,630 748
Supalai 43 350 700 g0
SV Garden 152 185 618 101
SV Riverside 142 128 1,001 43
Satupradit 103 1,061 738 408
Rama IX Bridge 187 1,130 2,698 289
Ratchada Hotel 123 1,561 1,197 626
Montien Hotel 62 11 1,127 2
Wat Chan Nok 84 25 368 12
Charoen Krung 0 831 2,157 0
Total 10,304 10,304 16,620 16,620

Total hourly boarding 26,924

Total hourly revenue (Baht) 332,822

Average fare (Baht) 12.36
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TaoensIna
From Sathorn Nakomn To Sathorn Nakorn
Station Boarding Alighting Boarding Alighting
Sathorn Nakorn 63,061 0 o 74,406
Technical Institute 2,217 7,021 5,010 1,909
Chan Tudmai 3,221 15,853 11,179 3,098
Wat Phoman 2,650 4,388 3,135 1,893
Bangkok Bank 2,401 7,250 6,302 1,680
Supalai 658 2,688 1,935 507
SV Garden 1,763 2,493 1,793 1,263
SV Riverside 1,363 3,563 2,283 1,085
Satupradit 2,333 9,819 5,881 886
Rama IX Bridge 2,013 4,579 8,040 1,158
Ratchada Hotel 355 6471 4,050 2,311
Montien Hotel 935 3,060 25,261
Wat Chan Nok 3 1,100 841 449
Charoen Krung 0 14,693 T 15410 0
Total 82,974 82,974 91,121 91,121
Total daily boarding 174,095
Total daily revenue (Baht) 2,282,157
Average fare (Baht) 13.11
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paflsenauld | daundsdilelunsilsudiv dhszaed MATMS
fivisan
4 P o o }
Losgaitegy Iasserdnfiuguvesssuy | -affoussimmanseny -AANUAYOLIVANITND
SnNANNIEN N dansednnnasendin | numemnuasieily ade- -
uazvimdonmues | msneaduasinseatie | am 4donlmaluladif
{iB3 (Physical & 2113 wanmhdadnamse
Visual Intrusion) 1¥519unu
1fenl¥lnseadrama
o - - Vo
sAuAuvIe laduunu

Tnsearsiamnonsedy

- Y L4

o viinansenuviay

A

- d'-n ée ar - d'A a 9
2.MsnuAuRfAY ‘wamansuiudmsy -aAMsIIUAUNAY -M5RNUUUNINI 1F

» ]

(Land Acquisition) 211 fufmmsatiuvdn
- b 4

-mstdenlsmuviig

g ay

nHRBINISIVAM LAY

1 4 [}

Safidoa 1dadm
3.lusmidomuas | -MTS malulad aaransznuliinniiqe | -msdmuadunai
30 (Archeological | -AsRUMUABATI nanidsnadidiiy

'S
Consideration) -msidonlfinaluladi

ol ' b 4

fupatuanisneasie

UA1Lq
apeftlizneudn | 4fos du lede aduwi | -anflgminansenudeds | -denormvndandeln
funadey man i a4 wandon Hnfimsesnuuumng
(Environmental oy

Py a e

Factors) 429AN 19 zUYg Tied
sHanssnudents | -misfendiwariinmdu | -oallgmimadyasves | <denviinvesszruma
93195 (Traffic salusns YIMHIHUL Aunseaunssldaudn
Impacts) Iwansznudsonda

sTALAY

- -3
“dontuvinaan

110




4. nmﬂ%‘nmﬁﬂuswuwdamawﬂszsnndnq

nmﬂ?umﬁum LUVYUteuIasUsEIANAI wlunsms'lﬂmfmm 20,000 AuADS 2 Tusse

YIFM'N'IJN uuwmﬂs Uumuu‘lumqmmmmzmﬂimtu "lNﬂ“’ﬂ?I']'Jl‘ﬂu 3 ﬂﬂll flo ﬂmJ‘V]ﬂﬂﬂ"l'EJE)ﬂ

widhudanamSodutulden doi 2 ngu Ao nquamamlumsiusSms uoz nanwaﬂskummﬂ

flon dhunguii 3 fie nguiternsodsmesnufhugaug uld qm'lé'unﬂ1amuua.,m'hmtmauwmw

Taoms

v 41 manlSsumsumaluTaghuSenammn

L) o LY L A - e
Aunyens T mstmnsanS sudousulutadedeg 188 dos foil

1.

msirusas fe mmm“lﬁn?msuﬁﬁm'zuvj’Tmmslu%ﬂmdm’auanqmauaamm
doams lumsidumanndosus ny imsiadumeit 18nasgudesaidazaindy
anuneigniRuidiurieiinie sl wlning wiensvue Iihdadss armsaagaly
Y a rooA < a a P ~ = '
msiTms mssmSenanuds asususennietheniaoiil anudlumsilasey
soldmnmlesud vy msdiagrmaiusassezvese i wagaease eIl
! ' 4
anuadewnd lumsladatlszg Winsdu- atldnsazinng edesaadq msmuw

Tﬂums'lﬁ’mnmmuwiﬂumimwwu“luﬁ @149

T MsvEneusSns ﬁmuiuﬁav’ﬁﬂumsmu1snﬁmmmummua~mamwnmﬂﬂms'1(3 -

definnusuiiufianrfiuns-tmems Snmenue I WiRsense 2-3 vy uas
esosedunednsely unell Universal Crossover Wnsu/8evusins1enids lien
s‘mm‘fq"lﬁﬁmsLﬁwmn?aﬁﬂﬁuﬁvt'&'umamaa"'u‘lﬁu?a'lu'

amndasadis  anuasasvessyuudeg ameludsaiinmlasasivdesuasieen
nazua i onnsazgeduvnmssunssunndudiufiuannumse L] Tassardredada
udauselifasunsededin defimsrufufuernmuziy fszuudygmszuuniy
qu uazfleaiu Sumlessietuud lny imsmuguisiuanudigeqavesdase 9nw
ngrinenieli dssuuaumiuguanuidy niediszuudey fiszuudeasandefugud
muguaniuesls Wussuudundeu Tasminaudunse liflwinaudunnlass
folunsfloundsnurii  nszurliffoundusnmswsn  nsfleadumudalally
vSnudummiessiiviely uezlimseusumineunnszdvluSesmmnlaonsdedae
nioli

mwﬁu#eﬁawauzw-umr'amawﬂszmmfuq ildmmeassdenarlfus g 1dde
Lﬁemﬁnﬂue"lﬁﬂaﬂ«ﬁauﬂauq uazdwdemsthgednm °’§ezflm’faﬁmsm1ﬁﬁ1ﬁtyﬁums
guvemndauge dussuuiidufiveuunsd Funsnnw wazwienn\dumsil ney

U S
JUBYNA

111



mwfivelevesdlosms  Wudaawmnevesdlasmsdsofszuuiunseiions)
NIZINNABBNTANIBILSA MswABURWLLTILIA i lusodszana 2030 wled
wudves§nudTavensluda Tuasady szunnmaﬂsuqma"lnumsmaaﬂma{'fum
18590157 us~unﬂsummﬁnlummﬁmauﬂNIﬂums
maberlszTumineniswaniuiles sznuw‘lnmmsIﬂums‘lﬁﬂsnazuiﬂq toumunzfy
desiifssnnsnuuniun uazderss Tonisemsianingshoduq
Amemzmilunsneads malAMsfead IR nseay yng TuasinSoinng
gluedt azdouiiufisoniyldveadony NANSAINANTTNUADIZUUMTII9T UUOU
wulugeesmsneasranies wozlinansznudedegerfvluvsnadrafios  sotlasnssy

uazgildnusiveadionlos msldmeatiansnoatuedeldidnauudanied -

: mInfFeudionludnuamveann luTad Usziandreg Wuand B lumsaiiss

42 maFauievluddadumsanu

=t N A . T Q"’ J o o ~ .
vnmsnlfsuisumaauissroudis sdeafintisuy mduiumsnins  uaze

L4
tgeinn  Mdmnalfeudounnszousons 4 pluvy  Taoldlnseveveadumansss e

14
uung umlinsevucsmanziudmandTavmshudesdu mdeetszundssnasnesdilszneg -

s lunsneusulasams  dausduiivouus s uazthyssnunduiannuuu§asmie

ARlAMTAs TUMISIRT IS IRUMS uazehgednm msulSoudounaas13luansess

43 malseudsuhuSwmansenni lifeFenunazfunadon

t4 ]
MBS NI UVVUAIIAFUNLUA19] o1vvzne Mifananssnudedeny  wasdedeIn

a 1 o P o o & '
doulunaneq Uszmsiiuanarediuly ndoesrTellostudumniiudeling1d 7 4o

1.

LY L .4 R 3 é
UNBIWAIIY (Energy Source) suvudnseuudeldndenu ithdumaou Fusiy
wasun linelifanansenudedinuins Saundey
P13 UIABINEIY (Energy consumption) myvuas lasesdunfoudendenufioa
wldndsmudesnnousudandsith deenemuudmdsinih 923 ldwdanuy
Tumsdundownannousudeiildindosoud wesnninmsgaydslumsutamdsnu

o o A @ & 9/ o
Indlundsaunafidunoudsuoinss

o : v 4 4
N13NBARNBNINOINIA (Direct Air Pollution) suvud lasasdumnasudiuns o

sudfma e lifannzemeadonaneusudande W

12



4. (@83 {Voice) o Uvuds laomsdumasudnnssseudama Ae IinauaRumadeswnnd
g8 daussuuyudonds i ldaminuasfemin swauafivmaiontosnd udes
wmnanszuunlddesg

5. MIMWNAHEAIN (Visual Intrusion) sTvyvHaIIasuLLy ldMensEdy Ao lviRa

- amwinavneinfisnmnaiiqe sesaanfeszuuvudedldmeiaemessduauy oy
PUR o o & g @ a g ya
suvn lufiavnsirtionanie szuuildmetalday
6. ANNTUANOU (Vibration) szruuvudaasunlddemdn  deliifaaudu
- a M ved o & ¥ o - ¥ va
smeuluuTnusoudg usnm oM auduasiionanasls  Taemsidseuy
sessushananuFuasifiow'ld syuyvuaeh decnsne ifeanuduasiionly
8AsIMlBENT)
1 [ o Y A { o a

7. sauimdn i sruveudanasuiid i Suedey At Iduemes nszuans e

T 4 = L] Qs A o .Q ar
HORDMITUNUATUINGINNATINBIWES NS LA AL HBINNAONIIAWB S T ARAULLSS
duszidiudnhidfandusuniudesng doldamudadeaiu mnoglusses 1nduny

L r-3 o d‘d

» Tutiszvuflesdufigne
! v 1]
44 STUVVHTINMIAYHRUVINSTUVBITNENIETIN 3 — $OIUUNS

guuse s itnedenseay funas Idsumsdadonuastinn 9 lssssvudouas

s ldmIndudemandsuusiandn

113



bMgUBaLReBrlboLLUnLBLY '8

] BLBUNL[L Y] -

PLOUNL[L uLme BLRURLL | bLounLf BLERGULLUR]MBALIUINLE °L
Lt MLBUHL[L BLOUHLJL AeM POHILILMMELUBKILAG] 2L[LRGIELY "9
uLr uLn uLne uLm LLBRV] FbGAL] GMMALINLEY °§

LRUS
uLrt uLnt PLOUALL | BLBURLL | BELLELUBLIMNZENARAUBHLANLLY
uLr uLnt uLne BLOUNLJL RYBAL[INLLY'E

BLOUNL[L BLOUNL[L RGH BLBUNLL SLULIMALARLLY °Z
uLne BLUUML[E BLOUNLL nan LLULMUTELY '
(e

Ayoede) wmipajy) (rey 3y3r7) (Irelouoly)  |(sng paprnp)
. eRyY! -
1\
PLOUBLHALIMLGE | LIDBLAALIMLGE | BLELIMLBE | bLepiae MAWING L[ULIBLLOMG

MLUTBBNEING RO H] BUITAWINA L[UILLU 8'S BLELY

114



uni 6

= P=Y
ASANHIMUINING Y

L
-

-
1. N3
nnnsfinnlulassmsssunyudanassunsewestes.  4TinsfmuasalSinants
Tasmsimunzaudmivssvvvudanasusuiasss3sening 5,000-20,000 AL/F2 [UI/NANW A9
L4 [3 y .
uisliafnamsTavesfandaneemunlassadnisds  TasmsResandosduedunn
o A A [ &Y 1 o '
msweauuvvasa lasmaszuuaeg Alinnuydlases Bannasidenanufiosen wu o
o 4 o v 3 o ] ° A o
nnaveImITae MuAITEzisEniNIe i ldgmsdmussnunivesamelaiazgddaves
] | d ]
Tanadhenumads  @enlddniminussyasquessaudaztlssmniinrumnuinvesdlases
L v A o A °y g Q
WIAANY 1FU 6 AuMTRmRs Mohanihmiininlddnaeeniuvanuudussweslnssediama
A‘ Y A g 9 .:'
Alaggdavasmumslinnnsesnuutiiiosdu uaaslugyliie.2
. a © o n‘: P A ¥ v =4
Tuneenuuy fimstmuadalifoavesrusanmungay welivuusaldanud1dun
o 4 qy 4 . & e A a4
figa  telinnuisumdevesniugeiige  Suszdundemsfunedisandwedlases uazan
vmvesimausabilesiiga dumsaeduyuveslnssns unzdutiumsarvinavesgeeadouuas
ca P ¥ A e Ada 3 o ¥ ci o a A a 4
gunssidun Minsadedndwaunn luasdinfinnuduuidesfoussdunsds menaundnd
: e e 2 d 4 o ;
AaveANg  ezdesimuadalives Wamedimngay  esnynmu§vesvuse Waduee
3 o - A o Y 1 1 ﬂ' ©
saussnszunafwfstuszuudeneuiasse ldeyldnueddududmeenundign uasih
a & 2 ° '
Wilesmatunadasanuazainong  wedumahifiudesaoafivinems  swhmuasanuge
Uneadsdnsudarsatlseinneieg
Uszeumsalvesdsanssu lassaduhnlssmalng  dauingenfiulassadunounsa e
[] y
nindauneunsunsalfioaifiludseme  duluianmsdwlasiedenounsaddfivunilng
]
wdamdn ussand folulaswdunsunT ainndmnginnandt ussond foluTnssadaman vl
v v y
duuvesTassadmddsiihonmin wganhlassaduaeunia ueneiniilassadredaulugves
N P : 4
nenneunin  ewsosdadiududiudriSepdon s SelidealSoulassedrandnluse
1 (-3 ¥ J
anuSilumsdead dlddunulassauveslnssadrensuns agnnilaseadremén lunsdnunil
é . Q‘ L '0 @ o
YerivsanldTaneadunounta Sagdiemedaseadretuszuuse fhngemmamuns Addesuiiu

msnstriueglunuiadedau

115



wnansiiiwenarsianubidmnsunislynuiiensfnwimiu lueygnlnilulsdsslosuaunisan

luansdllag visdu Bnnamuilndaudadlienuasnesedatiarvetenarsynasminisinluly



AT
» .

meern s sereresnn e crn wrmes b carts e ine s v at s act s+ S b otom s ot wr1m st 2200

11.00

o @
IS SN B P

Lapd ™~

8.72

1

———

0.45

8.00

—
| ;
i i
1
I
Z‘ 1.00 ——1.42 —~
/

2.65

1.42—+ 1.00

s pee—

SRR, r> O

a

a

117

Feaumauaiasessy

U 6.2 judalnsea




2

mssonuuiieafiveamada

mmquﬁmnsmIUﬁ1ﬁ1ussu1ﬂfﬁﬁﬁ1a’s’1uﬂ1saammm%qumﬁﬂ'lﬁ‘l%%gamwmﬂﬂmm
szuuso Ifhwunanmeil$lulsemmouede worondmmie ndhunuslumses iy e
fnurtuadumuazszdumedvessa Wi Tanihdeyndqindanlas i fuanwmiu
ATUNNUMIUAT o

N3 sudfulassadreonsefudesnausonz 95eudesenieaoil exfiameiedalng 92
Tvwmsverrin 30 was Wosesdunmmeiefisesiusesodnmennii windufludoaldszosvirg

TN 40 was niBanhauimeIedeadiulnssa ey

anugeves Inseardreianndimsesies Sesedudusulivingy 11 was ?'immqaﬂvﬁﬂﬁ‘hj
Arvnemaduiiivesnnaneseenliuazsuuiuouy Soviamtises Rz ausenheny
meds fulassadriifisedudin dfeiarndifiszdugenindumedaudessnseduaums
Tuinans Wganniy

fmuatfldaumiadasiuuy prestressed concrete box girders Fuutuumenugiend
Usznfanhagnmilugiundy uaslirmmnvemads SannsedufioswesInseetnSssdy
dusrwinfiy 2.886 was Hulassafuneunsadause sxannsaduihminiiisses s nianld
Urzanar 30-35 was uazaunYBIMeasen 8 was Wuduvesdasantis 2.65 was velluas -
Ny uazlimuduasenan 1 was dmiunsdifagiameniefadadese lausamiouiilddes
Wilasmseenaindase unzifalufserondl daufisuvesmumesa sdafiuioegs 1.2 was o

@osiinannsnuazde

- |
2. aMu
‘hm1saammvﬂmﬁé’mﬁmsmﬁqNaﬂszﬂuﬁaszwms5tg,ﬂ1nﬂﬁauﬁqﬂ TER13) 7!
4 ad e -
TvuauuInnige unaaoinldlulasensiis 2 dnuncfe
- =) Al Q‘: Q‘ 4] =
1. Side platform station HMuma i 3 s egrisaesdrelasse ez deegnmasan
4 . 1 4 ] ' M <
goriiviell Tdeonuuuldtidnuazuunil desnneenuuninzdondndazansiaga
Y .
uazldiionion
2. Center platform station fimumnmini 6 was egasenatuazsniisedaeadas aanil
1 4
=Y a 1 ] v v T A o
viaiifssinEnmqaniuuuusaudmsdeatugennnh  idessndasrdesnoen
Y 4 ' a o e a1 Qo o 4 ’ dﬁ'
vy Wiedhgaaiil sl ldeonuuydamilinddnuazmiitiosnnmaiineig

Tasesuduswaumnn

118



HLopugnsennLopleHLEbeNRE €9 [iE

2635 W n_...... e ’ B !
NOILVIS 3JctA) WHOHLVd 30IS :
. 1
¥ uopioady
m H s
.z“.. i i
N 3:_. - -t o o ) NS SOV RN S e T ‘.m
0 0 T O
“ u..n.. AT N .....a.m [ ._
—C
uoloyg lInJouop adk] wuojuld [opIS jo uDld
LA DVIONVEOANT VI 133
HOIYTVIS ] ﬁm R R
\ T D : WI0IU712 1O N
ISR I T SO A ST MU T I SRR B R
UDJ0A3 ] QV 4 £¢ . & “
RN I O L AU T iy TN & o T e -

da¢

I

L JAUVYNYALTY

[

]
UYL 2D L1000
r
f [£30]
L

hod

COCK - -

»m |

WAV R WO oY,

119



CYRLHULE MG nLoBbepint +'o B
. « . h

L4651 03q zt . ' i

!

NOILVIS 3dAl WYO4IVId 3015 .,.........,._,__%;z:

.’..Ql!.-x T OrRARY T st irer

.I\l
! fmby e hE ]

mnf B
m o S NS { "\ bmns ) 10 ot o

S3UNIoV4 3SUN0INGD | ......!...—i-L/.a.. T

1 —l.....l:llll.ll:.lll....ll LIS |

LA OV BYHOTIIHA *~ =,

g e e e e -
u.'i.:.

N N g Eig__% I ST

: &

LT O S Y MY

1
i
g

. .
i B kTRt Ry PGPRIIN et kS o

“ -

puum I suiindugut—S Sudubobiiugifaiuginin dufial Sofadabogisagl oo o -
.A(. << ozl ot [ - n
e B L R T PR PRpeps NS e [ - - -

i
i
H
1
1

i

1

i

i

i

i
N
HEREY

.- - Boom te b e e e e s mm e s e o v ] e

ﬁ.n\l.l-!road.l..: e IOV Do “~
i
JR— Y,

H M!!I xL._ -oll..n......ha...)...ﬂl..l .i.n P
I / MM, s ke

RN SN I LA SAAEY 30N \rl.l....- - < . “- i o ® v

_.su-,---s..rwﬂ.ﬁi,i!-!h s =

MY I seeed . T s L L R R .
.

— 1) Py IWOTIW - ; _« _. _. _

e e DR st s e woromneas QR e v v R TETETY - | - [P 00T -« vu DOP. o

3

ga
&= .

i

! i\ v
..7. [ 3 .P._ .\|§§EE§§.1F$¢5:

t ' ' ‘ q

e
. ,

120



P

mamuuaqsa'lwﬁm 2 $u fie Fumedmiud e om 5o RS QUIINAI93195 6 A
uawummnamagwuu 617 80 AT QUUINAINGINT 11-65 LWAS nnﬁmuﬂuuuu'lﬂmau 2 uMs
1iu'la 2 udanag 849 2 uvie uanmﬂuﬁmunrﬂuﬁmusauszmmznunanﬁ"mzummvzé’a’aqﬁmq
Audeusenian]
= asfimMuanueaail 14iiddnquessanmeriiadsznoufuumugs uarReRdLE
ITHINANULIANOT ﬁ?am‘ma'mmumﬁ'vﬂ'smqﬁiﬂum‘:ﬁmmﬁlumslﬁ'n?mwhqqﬁu Ing
fmusawdmsfuSas hiesndt 90 Jurit wedlosfugimaiieraifiniu unsdmuanamin
wiuvuso IWih 6 au dearstamas use 8 AusenueTeW 1 was Tagluownaansosesiud
Tauas 1884 20,000 A/ Tuydiema

gezvinsznIeurmiudsandige 7.5 wufwes dhanasgndlefuialon weld
dodeudywnantwinuld uazdlesriu hilddwnheeadinduinanas i lugesin Sededmuainm
Wéaani foseglusomensariniu

fdmasnazanmeluermsaariiiniside suvdeussuazlosiu W lndszuy Iy
Aweerhe ssuunsiimbensila ssuuszinoth  saadeinasaomssam Auvoues

< -1 Y a a 1 EY : LY
uaRaa aUINMTHUAU HDIUM B

3. gavaveu

geoagey Iddmivunmsdeuingesnvunssendiu lussuuvudaasy nasesdesiigien
P Y R ETRIER >
3.1 yHaveIgeeazeu

Ejvaﬂcﬁauﬁagaé 2 yia slausnlddmividuSmsunzanisaey wiiafiaeslddmiven
Fourhgamin FeeriintnReziftdm3y sondusadan
b 4
geengeunn dmivlduTmsuazasivaey Hlunmsasisaevanmsouazaugeuwdgedl

L4
aswanmsaldegluanmdmudedmun Tnsasaedouisuuiu

[-] A i o o
ATIsaeUMmUATUA Wetleafu anudevrislumends

- wasuszvdgludunyii1dde
Mehanuazein

v 42,
nasausuaIu

. :
geoagoumin dmivaudeuminuazdudeu nugeumdriideliunumsgen
- sousngemiiusu

dz T A : ] 9 4’ <1 d'l o e )
- umﬂumammmﬂauu‘mmu ADIYOITUY VIATBIUBTUANIAY

I
o_ o 1

4 '
- muunaﬂauﬁ'm’lﬁﬂauﬂizﬂau

121



L4
lunsdivesgeendoumonnszsu 3 - Soeuuns wilgrouivaurafen antugieageunds
¥ ‘
118 2 ala

3.2 fuwsiavesgesadon
T USAYRNYBIMIENINITIINN 3 Taeud 4 wa fhuminsandadeniiugeeatouyes
1 4 ]
IR amIszuUTHd NAYTUYUIATEY FIONINIZIY 3 aniimatifinans 13lugiii 6.5-6.7 wiorudae
y . ' v
wdumauazaatiivesmonsil dnwaz Tnedauvdvesannfiudas fnede i
Tsmummmmunqamwumuﬂs ﬁmunuag‘lunﬂwaanqamwumuﬂs lazegaany
quumﬂuuﬁwmnqqmwumuﬂs mmmegszmwmsnaﬁé’w‘luwvu fduduiinengSusen
Aafumiindmsze mamilodndy Tsainimiuie maldAafufifudiuynea uasnasfuania
[ 4 ' 14
uauunIETY 3 dgewiildalszney lufssdninnuessnuuunasdeadndinsves st
1 4 * § [
@eiidae nauluduiifed hifigassalumsieadsidulguminudesaln
1 1S * ¢§ 1 g
- aswuwszswd 9 aounilegninldvesouumszim 3 weddsegaaduldlasaadreon
o 4 4 42 o + A gy v A
FALVDIATHILNTZIWN 9 Wuiiugnih W Tdaielddeadnasmn unsfmafiufuiineg me
b4
AumileagAatuauumszai 3 mednlfeganfumiiidmszen anffuangaamassuiamessiu
t a o 9/ ar A 9/ A:"A * v Ay 5’: .-
oen  unzARiuUMaIwesiuasiuan  Famahiideudeouunsziw 3 fudedrahinusin
sz
] Y o P A 9/ [] 9 1 @ U
ouumie-14 vinanauumile-18 egmelfvesouumszsns 3 unzdefuauuaseg oy
] o [} & ] o Aq”u J L] o ¥ 4’1‘ 4:{« a o
mile-ladnlnt Aumiledefuouunsesw 3 ey Mmusssnnuuiifuiunihedmsy

4
+ diasauumile-14 Tuazadreaewm Inirumiiudms o

a 4 44 T o

- SUUNUMIURAT AT TUYeensu Tus1EAIs wuvmu.uuaumammuﬁﬁwagnumnuﬂ
nmmsa%"nTﬂsqmsnuuNLm';uQﬁﬁ'mﬂsm"lnﬁvaaﬂmmummsm" auu‘lﬂuumﬁfmwagm
Aanese wmIsamuauuﬁun;qmwumum HoTEEWIUNSY WA 9 munuuqumﬁﬂmmﬂaﬁmuw
fmafeantumaihidmsze Tasegldaswmuduniiiezadielng wum?wqeawemzﬁmuﬂ
WilvunalngneiierSunndidetmuaduvig Tuvisimannlomsmste iy 18 iau

L) L4 \J d'ﬁ @ d'ﬁ 1 a7 CQJ d'd'd -\ 1} \d dy d'

VT IUAINGE2 uaz'nﬁumﬁlunﬂumuuﬂﬂnagm‘1uuwunnumtumsnm‘lmgnfnu luszgzmaiine

o 1 @ ) QA Q -~ J 1 1 L
mnzdumenise fhwudeduliquanifrunsewinnfinsanduiufigeenden s

33 namiunisdsedin
I =Y o -3 & a J
MATMIvBUNMN lumsUsediunanedsems qnmnuﬂwmaﬂszmummmmzﬁwmwu

v Yy v ]
7 sl oufeufuaanfiduiumstouhgefifaonm dhuly1gey wagnummmﬂumumqq

1 y A -4 ' o A y
manil ¥erlseneudquiletedien dedslail

122



vuIn wuvmwaamsu'mm'nqm)ﬂmauwumni’nmammqﬂnNf] nm{uwn%mqﬂuu
lMBﬁi'NYI'N?IﬂS"ﬂ‘l.lﬂ'lﬂ‘ﬂ'l\!'NHﬂﬂQ\l 11 tuasg ﬁ\i’di“’ﬂﬂﬁa‘uﬂuﬂi l’JﬂlQ‘DOﬂ‘b’ﬂN H'lﬂhfﬂ'l
mmmmrugaua" 432 U"Yl'l\mﬂi"ﬂlmélaﬂﬂ'l‘iﬂﬂﬂi SUIN 450 Wwng uaﬂmnuﬁ"ﬂam
'ﬁuﬂ‘l!u'lﬂﬂgNWB’diJﬂ?ﬂ‘HBﬂﬂﬂlﬂniﬂﬂl‘lﬁﬁﬂiﬂTIﬂ'IiJil'm?u‘ﬂﬁﬂﬂﬂ'li Tagsutiesn

o v 1 o v ¥ 4
d1509d70 wuwwm"lm,mqammms'lumnma‘lﬂ fio Audidmivadielsem o

]
Let

M L] @ t A o
ﬂszﬂaullﬂé’numum:asnmmamwu gNNTBY  LAZANUACOINAITD ﬂBQUYI'J'N

1 4
o @

L4 Y a o Qv a o
mmsuyrons guasel woagildihgeinumuas Tnsearduumeds wennnits
¥ v o q ¥ ¢ oad - ' a o
apsdanldimiiidug Saunmneldus msusmsssuusimadesy Uiy TN

d' (-] @ 74 o) s ‘='° o & d‘
N3221950 NLATaUd dImsuwiney uazdAnde ndmiueiTeangasn 13 6.1
waasauuAgRmiunusiUsEEuvee

. 1] [ 4
Audauadou i dunndonndnterausuosms Waaiivug Tuilegiin
- { ~ J A . v vq’ a )
wazarufiounnsiesTivugionsugreadenlmifi msRvsalaomsnuds de a1
o) 9 2 H - J 1 A
WSt siaesdunedeumemenmitesfasy e wazransenumiiullidde
M3 auusnalndifis
Y &2 P-4 4:' 45 4:' o [ (]
anueusetunmsidiag mmmmsn‘lumsvﬁ’mqﬂmumﬁwsaqmmnm"ﬂvmmqa
: mnuaqmsmaau%wmummnmaw‘l'nmms ﬂUVIQﬂBﬂ‘BﬂN &) i‘]tymm'lﬂmnﬂ -
uu’lumsmwmummua zoonnIngsenaveusziiudiaveunaslseiuil i
'dsﬂm'lﬁ'ﬁmmnﬁaﬁﬁﬂﬁqmaé’mﬂmﬁusmmzmqﬁmﬂwmw ariannlsensudae
2=y L3 d' A Y] AS’ Y d' o q’:
smnumsdudsunsindousasaiidenis TTAUMITIAIULUITE A VLS LUIRIUB

AY A ¥ 2y ' A A o da @
TN NNABINITNTNNTNGIDATOUT RYINTDABIT N uazanuSalnusufils
Tulfsde

(v o o v :{Q A . 4’ C7R 1
N139ANT  MstaveHsan I auiula aunsawsnvegenindwesilegiuid
. y [l []
smanfiga dmiulasimsssyuvudanasuvinasesmonszsm 3 o Haufnume
A W A : ' a ¥ daa 4
IARTINNUNIUAS 11sa%’ytfluwwawsamuf]uﬂunag sernsan i dunaui
o A\ A b A o g .A -] \ & o
aunsadam ldedfinga o618158d dieorvausotadefiaudiautosnit Wermn
° d' . [} Y [} L (XY AQ :i - 4 dy
indlugamdiniugsendon oy meomn o lidaiauiidewuiumdionn
- , o M & o L 2 4
nMsHIsan  wihaviiuvesnisiam 18 ussaanduain i ansaeRauiuuns
msgnﬂmf]ﬂﬂwmmmauq'ua»:sg v‘fluﬁmumummmnﬂummqqmn'lumﬂau

tm5ms'hmﬂulmmnqqmwnmuﬂs

123



MIN 6.1 Nuilvesgseadeufideants

Depot Function Space Required in sq.m.

Maintenance and Overhaul Workshop 3600 .
Wheel Lathe 1400
\;/ashing Area 1000
Test Track 2000
Stabling Area 2800
Maintenance of Way Shops and Storage 1700
Adninistration Building 2200
Control Center 700
Lead Track to Grade Space 3400
Fans 3200
Buffer Areas 800

TOTAL SPACE 22800
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Criteria Site 1 Site 2 Site 3 Site 4
Size 9 9 5 9
Environmental 9 7 5 6
Accessibility 10 8 6 | 8
Availability 7 8 10 6
Proximity to Main line 10 10 10 6
Joint Development Potential 4 7 9 6
Total Score 49 49 45 41
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Scheme Equity Ancillary Rev. | Fareinfl % | Ave. Fares | FIRR
Shared BTO | Total Project 0.00% 2.50% 1878 | 11.25
Shared BTO | Total Project 0.00% 5.00% 2569 | 17.82
“Shared BTO | Total Project 0.00% 6.45% 30.00 | 20.81
Shared BTO | Total Project 0.00% 7.50% 3488 | 23.40
Shared BTO | Total Project: 2.00% 2.50% 18.78 | 12.73
Shared BTO | Total Project 2.00% 5.00% 25.69 | 20.03
Shared BTO | Total Project 2.00% 6.45% 30.00 ] 23.39
Shared BTO | Total Project 2.00% 7.50% 3488 | 26.30
Shared BTO | Total Project 5.00% 2.50% 1878 | 14.18
Shared BTO | Total Project 5.00% 5.00% 25.69 | 21.51
Shared BTO | Total Project 5.00% 6.45% 3000 [ 25.12
Shared BTO | Total Project 5.00% 7.50% 3483 | 28.24
Shared BTO Total Project 7.00% 2.50% 1878 | 14.77
Shafed BTO | Total Project 7.00% 5.00% 25.69 | 22.10
Shared BTO | Total Project 7.00% 6.45% 30.00 | 2581
Shared BTO 'I“otal Project 7.00% 7.50% 3488 | 29.02
Shared BTO | PVT M&E 0.00% 2.50% 18.78 | 18.75
Shared BTO | PVT M&E ~ 0.00% 5.00% 25.69 | 29.70
Shared BTO | PVT M&E 0.00% 6.45% 30.00 | 34.68
Shared BTO | PVT M&E 0.00% 7.50% 3488 | 3899
Shared BTO | PVT M&E 2.00% 2.50% 18.78 | 21.21
Shared BTO | PVT M&E 2.00% 5.00% 25.69 | 33.38
Shared BTO | PVT M&E 2.00% 6.45% 30.00 [ 38.98
| Shared BTO | PVT M&E 2.00% 7.50% 3488 | 43.83
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A13 7.4 Rama III Revised Capital Costs

Description Original Estimate _Revi_sed Estimate
” Statistics
Vehicles w/spares 2001 36
Vehicles w/spares 2011 53 58
Vehicles w/spares 2021 70 78
Length of Rama I1I Line 11.83 11.83
Total Number of Stations 14 14
Total Number of MTMP Interfacing Stations 1 1
Total Number of Regular Stations 13 13
Costs
Cost/Regular Station 7,140,728 5,662,116 {
Total cost of Regular Stations 92,829,461 73,607,510
In Bt (000) 2,784,884 2,208,225
Cost/MTS x Station 7,207,395 5,728,783
Total cost of MTS Intersection Stations 7,207,395 5,728,783
In Bt (000) 216,222 171,863
Total Capital Cost — Stations 100,036,856 79,336,293
In Bt (000) 3,001,106 2,380,089
Elevated Viaduct and Trackage Costs
Cost of 30 m ROW Unit 199,288 199,288
# 30m units 357 357
Total cost of ROW Units Used 71,145,871 71,145,871
System length in Km 11.83 11.83
| Total System ROW & Trackage Cost 71,145,871 71,145,871
In Bt (000) 2,134,376 2,134,376
Sub Total — Stations & Elevated Viaducts 171,182,727 150,482,164
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In Bt (000) 5,135,482 4,514,465
Other System Wide Capital Costs:
Land Acquisition Costs 0| 0
"Sub Total Land Acquisition Costs 0 0
Shop, Yard & Depot Cost ex. Land
’ System Depot (Shop & Yard) Fixed Costs 37,940,269 37,940,269
System Depot (Shop & Yard) Variable Costs 11,776,260 11,776,260
Total Area 35,000 16,740
Size Adjustment Ratio Est m”2; Std. Depot m"2 1.90 1.00
Sub-Total Depot Costs 60,352,944 49,716,529
In Bt (000) 1,810,588 1,491,496
Rolling Stock Costs
{ # of vehicles Yr 2011 53 58
1 # of vehicles + spares Yr 2021 extrapolated 70 78
# of vehicles + spares — initial purchase base year 2006 + 47
procurment time)
Rolling Stock Unit Costs (incl. Workshop Equip’t) 1,375,000 [~ 1,375,000
Sub Total : Rolling Stock (Orig. est. based on procurement of 96,250,000 64,625,000
1 70 vehicles)(Rev. Est. based on initial order of 47 vehicles)
In Bt (000) 2,887,500 1,938,750
| M & E Component Costs
Systems Length in Km 11.83 11.83
M & M Component Costs/Km 8,016,100 8,016,100
" Sub- Total: M & E Component Costs 94,830,463 94,830,463
Total Other Systems Wide Capital Costs 251,433,407 209,171,992
In Bt (000) 7,543,002 6,275,160
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Total System Capital Costs 422,616,135 359,654,156

Capital Costs in Bt (000) 12,678,484 10,789,625
wCapital Cost per km. (§US) 35,724,103 30,401,893
In Bt (000) 1,071,723 912,056

Note: Vehicles are assumed to be procured on a five year cycle. The financing of these have not been

included in the above evaluation.
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13190 7.5 unusudmivdunumsamu

Item Years Before Opening | Construction Period Proportions

-3
Property/Utility Disturbance : 0.50
Stations . - _
Elevated Structures & Trackage 0.15
Shop, Yard & Depots 0.05
Rolling Stock 0.06
Mechanical & electrical | 0.05

-2
Property/Utility Disturbance 0.50
Stations -
Elevated Structures & Trackage 0.50
Shop, Yard & Depots 0.50
Rolling Stock 0.12
Mechanical & electrical 0.45

-1
Property/Utility Disturbance -
Stations 1.00
Elevated Structures & Trackage 035 - :
Shop, Yard & Depots 045
Rolling Stock 042
Mecharﬁ@ & electrical 0.50

B L @ * v é o o ' \
mnemn lunediniudasdaduvesduruysaunasendesdesdiiumsneatieluudass)

A1319% 7.6 avuRguoglSemvesdunsng

Item Years of Useful Life
Stations 50
Elevated Structures & Trackage 50 -
Shop, Yard & Depots 50
Rolling Stock . 30
Signaling & Communications 15
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AN 7.7 Agualiuyasmassygeaas

Cost Element Conversion Factor
Land 1.000
Property/Utility Disturbance 0.825
Stations 0.830
Elevated Structures & Trackage 0.830
Shop, Yard & Depots 0.830
Rolling Stock 0.870
Mechanical and Electrical 0.800
Supervisory Labour 0.900
Direct Labour 0.800
General & Administration Costs 0.950
Maintenance Materials & Supplies 0.950
Station & Traction Power 1.000
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Cost Element Rama 3 Line

Baht mill %
Eand 1,683 — 13.6
Property/Utility Disturbance 139 1.1
Stations 2,491 20.1
Elevated Structures & Trackage 1,772 14.3
Shop, Yard & Depots 1,503 12.1
Rolling Stock 2,512 20.3
Mechanical & Electrical 2,276 18.4
Total Economic Costs 12,375 100.0
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Rama lIl System Capital Cost

14000 M&E

12000 03 Rolling Stock

Bl Shop, Yard & Depots

g g

[ Eevated Structures & Trackage

Costs in Baht mill

[ Stations

Rama Il System
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EIRR 22.01%
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Miscelleneus 0.90 4.73 0.28
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e
' X = concentration at location x,y ( g/m.})

X = distance along wind-direction (m.)
y = distance across the wind (m.)
Q = emission rate (g./s.) -
u = average wind velocity (m./s.)
H = average height of pollutant source (m.) .

I 0,,0, = dispersion coefficients in y (cross wind) and z (vertical) directions (m.)
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McKinney Ave:Light Rail Ext.
Average Car vibration
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[
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4
40 -
10 100
Distance from Track Centerline,ft
Standard Trock = = = = Neor Joint

4 o ) ta J < a
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(1) : Mckinney Avenue Transit Authority Trolley Extansions Environment Assessment 1997,
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Organochioring Pesticides)
andl (oDT)
tiwyyiiadaw (Alpha-
BHC)

|ANATU (Dieldrin)

O0ATU (Aldrin)

un/a.

wamsLia/a.

unJa.

Tulnsnswa.

fiala

NUNN

"

Tl
nund

L

5.0

0.005
0.1
0.1
10
10

0.005

0.05%*

0.05

0.05
0.002
0.01
0.005

0.1

1.0
0.05

1.0
0.02

0.1
0.1
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u'lIffIﬂiﬂ‘VlN‘Iuﬂ'l?ﬂ'l'ﬂﬂ'lluuiﬂ (Primary Treatment) tu aeilFinmees Coliform aan
Yss101 50 %, suspended solid aAnd 35-65 %, BOD aand'l) 25-40 % uas total nitrgen anAY 20-40 %
(Atkins, 1968)

ﬁv‘IIﬁIﬂiﬂﬁﬁ‘luﬂ‘lﬁ'ﬁ‘l%ﬂﬁfuﬁﬁm (Secondary Treatment) 1141537 Coliform wanaaly1d
76-95 %, suspended solid aAaY 70-90 %, BOD BABY 65-95 %, Total nitrogen aan4 65—8b % g total
phosphate 8903 20-60 % (Atkins, 1968)

: c‘ 1 o _ o 3 :: 3 a A -4
i laTnsnfidunsfdadufion (Tertiary Treatment) Husnuaiee wwanasldifiey 100%
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1.43.1 aofifiudeens

- I.mﬁﬂf'lﬁi)mﬂmﬂﬂfl'lill'lﬂﬁffﬂ

- uﬂfiq1f1°7'ism%'u1f1°7;szu1umﬂ’lﬂsams

1432 fudsAsing ey

- anuilunse-a1e (pH)

- il (Temperature)

- BBAFIUAZAY (DO)

- amnhnsgua I (Conductivity)

- YSaTatreuonun (Total coliform) )
- AZABUIYIUABY (SS)

- 1iTe@ (BOD)

- azf

auls 3 Ausndisied luawy daudawnls s mnmmmnmuazuﬂﬂwiﬂu FiiseyBlu

Standard method

y
o ad

y y
1433 $Smauaitidy 2 a3 wisudeuaugausquluudazads mndiul18WaseTa

I
vaziiung hifimsaaugulassegsznnidae
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1) msfudedaildss GRAB Tasmsmdeunsesilensllidsedy mmumw.ﬂﬂ'l Y
Tnadufueghunsecde

2) M3AAsIY BOD, 1435 AZIDE MODIFICATION

3) mM33n3ev coD 193F DICHROMATE (CLOSED) REFLUX

231



4) ﬂ'li’Jlﬂi‘I"H DO 193% AZIDE MODIFICATION Tﬂtjﬂ')ﬂ"ﬂ‘lﬂ‘li'uﬂi‘l"ﬂ o ‘Qﬂmﬂ‘lm')
et nsfift WazanfiseSinseviud svdosduiie MNSO, (8 AIA e FIX
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5) M39UAILH DISSOLVED SOLIDS (DS) 1$3% GRAVIMETRIC

~ 6 mM3unsed pH 1998 pH METER
7) M3IAI1LH SUSPENDED SOLIDS (SS) 1935 GRAVIMETRIC
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ii 8.8) AnBaTOIUUNS (7l 8.9) unznaBaNITIIW 3 (1 8.10) une witidmszenZouthenass
Foauun? quamiii dvinmsaseinlfuge 3 lumse 8.17
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22.0 un/o: d i1 DO lunnesmssunzaasesuuns oglusedy o un/e. daunnemszsw 3 -

g d o o a ? 2
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1 4 ]
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] 1 4
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AABITIFT | ADBITOIUUNT | AaBanTEIm 3
BOD 22,0 120 4.2 40
COD 98.0 84.0 69.0 -
DO 0.0 0.0 43 20
DS 407.0 360.0 428.7 -
PH 7.1 7.1 7.6 5-9
SS 250 240 28.9 - .
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2.1.3 HOMSANE

foyannnsasaenuit AassmssRLUNAIRROUReLA 4 Aqu fe uéyanophyta (Blue
green algae), Chlorophyta (Green aligae), Euglenophyta (Euglena) wag Bacillariophyta (Diatom) 1a®
nzjuﬁwumﬂ‘?‘iqﬁﬁa Bacillariophyta 138 laszaontianua 91,047 wad/ou. Aaifiu 545 wlodimud
voumnafRouRmRmuaTiastwy lunae e sosaunfeamiwidonadiu 653 % dmsu
ADBITOIUUNT NLLYRABUNY 3 Tiin fiD Cyanophyta (Blue green algae), Chlorophyta (Green algae),
1ae Euglenophyta ( Euglena) vﬁﬂﬁwumnﬁqﬂﬁammﬁaﬁﬁmunuﬁ'n?u 38,650 (wad/av.y. Andy
83.76 % 70%01AL gnduwarameiiGoRatiu 9.26 uas 6.6 WediFud amdwy diulusaes
NITIW 3 WUUNDIARBUNY 4 Tin WA UIARBIE 1SS Tﬂuuwmnaauwanwumnnqﬂsﬂuauﬂu
usn #ie smdwdiSommniniy 168784 wad/av.y. niedadiy 82 34% 99annfea I wEiven

vz lnesaou fnidiu 7.77 % 6.24 % 1oz 3.64 % mdidy
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1 4
A19N 8.19 FUAuazYSMIMINAIRRBUNT NI S IS IEHAIBE

UWAIAABUNS wad/gRuIASAs
AADINIET ANDIYOIUUNS ATBINITTIN 3
Phylum Cyanophyta -

- Oscillatoria sp. 18310 33,079 156,651
Spirulina sp. 40 5,397 9,600
Lyngbya sp. 1,180 174 800
Microcystis sp. 40 - -
Anabaena sp. 40 - -
Chroococus sp. 2,319 - 1,733

Total 21,929(3.53%) | 38,650(83.76%) |168,784(82.34%)
Phylum Chlorophyta
Arkistrodesmus sp. 18,310 2,524 5,466
Actinastrum sp. 40 “ -
Coelastrum sp. - - 200
Dityosphaerium sp. 12,207 87 1,733
Scenedesmus sp. 1,546 260 7,332
Oocystis sp. 2,156 87 1,200
Crucigeria sp. 6,103 - -
Eudorina sp. - 87 -
Total 40362(6.53%) | 3,045(660%) | 15,931(7.77%)
Phylum Eugleophyta
Euglena sp. 122 87 -
Phacus sp. 284 - 133
" Trachelomonus sp. 14,241 4,187 12,332
Lepocynclis sp. - - 333
Total 14,647(2.37%) 4,274(9.26%) 12,798(6.24%)
Phylum Bacillariophyta .
Chaetoceros sp. 162 - -
Navicula sp. 18,310 - 733
Nitzschia sp. 6,130 - -
Gyrosigma sp. 40 A -
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cyclotella sp. 61,035 - 6,666
Melosira sp. 1,546 - 66
Skeletonema sp. 3,824 - -
Total 91,047 (54.2%) - 7,465
Grand Total (cells/m) 167,985 (100%) | 46,143 (100%) | 204,976 ( 1(—)0%)~
Total (species) 22 11 15
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For Radius = 50 m.
Maximum Sceed
Length of Spiral Curve
Maximum Speed in SC

Over all Maximum Speed

For Radjus = 100 m.
Maximum Sceaed
Langth of Spiral Curve
Maximum Sgeed in SC

Over ail Maximum Speed

For Radius = 180 m.
Maximum Sceec
Length of Seirat Curve
Maximum Sgeed in SC

Over all Maximum Speed

For Radius = 200 m.
Maximum Speea
Length of Sgirel Curve
Maximum Speed in SC
Over all Maximum Speed

For Radius = 250 m.
Maximum Sgeed
Length of Spiral Curve
Maximum Speed in SC
Over all Maximum Speed

For Radius = 300 m.
Maximum Speed
Length of Spiral Curve
Maximum Speed in SC

Over all Maximum Speed

=27
=33.75
= 28

1" 1}
I [N
~ (o]
w

1]
S
o

=£8.75

1]
m
~
[6)]

=76.25
64

=67
=83.24
= 68

=35

kch
= &0

Koh
=60

Kph
=70

kph
=380 -

kph
=85

kph

xch

kch

kph

" kph

kph

kph

kph

kph



R

For Radius = 350 m.

Maximum Sceeq
Lancth cf Sciral Curve
Maximum Sceed in SC

Over all Maximum Speed ’

}‘Fbr Radius = 400 m.

Maximum Sceed
Lsngth cf Sciral Curve
Maximum Scasd in SC

Over sll Maximum Soeed

: For Radius = 450 m.

Maximum Sgeed
Lencth of Scural Curve
Maximum Sgeed in SC

Over all Maximum Speed

For Radius = 500 m,

Maximum Sgeed
Length of Spiral Curve
Maximum Speed in SC

Over alf Maximum Speed

H
~{
N

=¢3.:2 =100

i
\“'
3

i
[or)
N

1
Q
I}
(%]

=105

=82

= 107.5 =110

88

=86

xph

kph

Lch

kchn



Calculation Sheets

Prestressed Concrete Vieduct Structure

Normel Condition
® |ight Rail
® 30 m. Span
® Double Track

® Not in Curve



Concrete Viaduct

: E 8.00 '
; ‘ |
| ) |
3 |
3 /_'_——‘
0.23 - N \ ] /]
C\ / 8 \
zo8 X \ \—0.30 !/ X
A\ ~0.20 // .32
\ \ g v |
] \ / 7
T |
i 3.18 i
o L5 =4
PROPERTIES OF SECTION
Area: 3.53 sq.m. Perimeter: 28.60 m. ;
Centroid: Y = 1.32 m. above bottom
Moments of inertia: o= 1.88 m~4 about centroid )

Load for 30 m. Span

Own Weight = 3.53%2400 = 8472 kg/m
Total Own Weight = 8472730 = 254,160 kg

Track Weight = 44871.2 = 535 kg/m
Total Track Weight = 53530 = 16,050 kg

Live Load = 3008 = 2400 kg/m
Total Live Load = 2400730 = 72,000 kg

Train Load = 66910/26*1.3 = 3345 kg/m/train
Total Train Load = 3345%30*2 = 200,700 kg

Total = 542,910 . kg / 30m. Span



Prestressed Concrete Viaduct

W = 1.40+1.7L
= 1.47(8472+E35) + 1.77(24C0+334572).
= 28100 . kg/m )
Full Load . M =+ 1/8*28100°30"20 = 3,161,280 kg-m -
Dead Load Cnly M = 1/8'€007°20"30 * = 1,013,287 kg-m
effective prestress = 22000 kN
eccentric e = 1000 mm

= -22.000,000(3.53*10%= 623  kN/mm’

f
Sres,

= +22.000,00071000*7€0/1.98E+12

£
'Mo(ues. o
= - 8.44 MPa

= -22.000,00071000"1320/1.88E+12

£
'\ of cres. cogem

= -14.67 MPa
fuotceastoaator = -9,940,3507760/1.98E+12
fuh ot cesatoaabotom = + 9,940,350"1320/1.98E+12 :

= + 6.63 MPa
fMoHotzlloadtop = -31,012,000*760/1.98E+12

= -11.90 MPa
fortotaicadbatom = + 31,012,000%1320/1.98E+12

= + 20.67 MPa

Stress in Concrete Viaduct from Prestressed force and Gravity Load

f = - F/A +- Fey/l +- My/l

Dead Load Only fio = -6.23+844-382 = -1.60' MPa
focom = -6.23-14.67 +6.63 = -14.27 MPa

Full Load frop = -6.23+844- 1190 = 969 MPa
fotom = -6.23-14.67 + 20.67 = 022 MPa

minimum allowable f, = 0.45f, = 0.45'34.33 = -1545 MPa(f, = 320ksc)



Deflection

Deflection o= 5/384"w*L/El
Deflecton from Dead Load = 5:”384'90.07'300(5" 4/297,000/1.28*10"8
- = 1.62 cm -
Deflecton from Full Load =- 5/384+28173000"4/297,000/1.88"10"8
= 5.04 cm
Deflecion due to prestress = - L2/8El'(5/6'M1)

- 3000°/8/297000/1.98/10~8"5/6*2242610%100

]

= -3.57 cm
Deflection with Oead Load =162-357 = -185 - cm
Deflection with Full Load =504-357 = +1.47 cm . -
Allowable Deflection = /360 = 3000/360 -

=833 cm



Calculation Sheets

Reinforced Concrete Column
for
Single Column Type Structure
Normal Condition
CTLight Rail
® 30 m. Viaduct Span
® 11 .m. Top of Rail
® 1.5 m. Depth of Top of Footing
® Double Track

® Not in Curve



Column Design SDL:RCCOLUMN, Ver 2.0, 1995

Design Assumptions:

Reference Design Code = ACI-318-89
Design Methed = Ultimate Strength
Masimum Concrete Strain " = 003 | o
Cacacity Faclors Fiexure = 9 )
Shear and Tersicn = .85
Axial Load, Tied =7
Axial Lead, Spiral = 75 .

Maximum Steel Facier = 75

“Transverse ReBars (Ties/Spiral) =T

Specified Concrete Strength ic' = 320 ksc
Main Rebar Yield Strength fy = 40C0 ksc
Concrete Unit Weight WC = 2400 kg/m~3
Concrete Cover = 38 mm

Lead Combination = 1.4 Self Load ~ 1.4 Dead Load * 1.7 Live Load

A



Case / Full Load (2 Trains on 30m. Viaduct)

esi riteria;
~Fwo trains pass simultansousty on same span. One train is accelerating witha'= 1"

mssec’ . Another train is emergency brakingd = 1.5 m/sec’.

Train weight is 2.574 T/m. not include impact The impact load added in viaduct
calculation. The viaduct span is 30 m., top of rail is 11 m. above ground. Top of footing
is 1.5 m. below ground level. Column height from top of footing to viaduct support is 10

m.. the viaduct and rail fixing is 2.5 m.

The viaduct is on the top of column. One end fixed and one end free.

' Column Col.size™2.4*10 = 24Ac Ton -
Viaduct Load = 254.16 Ton
Track Load = 16.05 ' Ton X
Live Load . . = 72 Ton e
Train Load = 154.41 Ton
Moment from acc.& decel. = 154.41/0.81°2.5"12.5 Ton-m .
= 491.88 Ton-m



KC Column Section Cesicn  11m.TCR with Full Load

Project Information:

Project = OCMRT

Tide = UIm.FULL

Client = Client!

Organizaton = MRTFSS
Engincer = K.Sanpatchayapong *

—~~n

Design Criteria
Design Code = ACI-318-93. Design Method = USD
Concrete Stress Block = ACI-Whitney Rectanguiar
Design Procedure i
The program performs the calculations in accordance with the ACI-318-93 Building Code for
Struc:ural Concrete

Procedure for Cross-section Design '

l. Compute the resuitant applied moment as Muxy = Sqr(Mux"2 = Muy2).

2. Select a tnal reinforcement ratio. startng \\1th minimum rato of 19%. and distributing rebars along
r.he perimeler.

3. Compute the maximum axial capacity in compression. Pno and tension Pnt. and check against
applied loads.

+. Locate the neutral axis angle and its depth to satst\ applied load Pu and the resultant moment
Muxyv., This is dcne by trial and error procedure. The intemal stress resultants for each angle and depth
of neutral axis angle are computed (see procedure below) and then compared with applied loads. This
process is repeated until close agreement is found. ;

5. If capacity in step 3 or 4 is found to be not enough. then reinforcement is increased until maximum
allowable ratio (3%) is reached.

6. Cross-section is declared as inadequate if it requires more than maximum allowable stezl ratio

Procedure for Computing Stress-Resultants

L. The stress resultants are computed by using the first principles approach.

2. Strain in concrete and steel is determined depending upon the direction and depth of neutral axis.

3. Concrete force is computed by integrating the stress field (rectangular or parabolic stress curve) over
the cross-section using the Green's Theorem.

4. Steel stress is computed by summation of force in each bar, corresponding to stress at that location.
5. The computed stress resultants are reduced bv appropriate capaity reduction factors for the Ultimate
Strength Design (or Worksing Strength Design) method.

RC Column Section

Column C-1 : Sect0001 : Total




® 5c Column Section Design * 11m.TOR with Full Load

Material

Rebar Fv = 4.000 Kg/cm™2
e Concrete Fv =350 Kg/em™2
-~ Clear Cover =3.8 cm

Calculations

Designing Column Section:

Applied Load. Pu = 643.000 ton
Applied Moment, Mux = 492.000 ton
Applied Moment. Muy = 0.000 ton

Applied Resultant Moment = 492.00 ton-m
Applied Moment Angle =0 Deg

-
Pt

Solution Found:

Rebars = 94d 20 (Ast = 298.9'cm™2 , ratio = .99%)
Axial Compresion Capacity, Pno =5.617.779 ton
Axial Tension Capacity. Pnt=-1.076.111 ton
Resultant Moment Capacity. Mn = 1,152.37 ton-m

Concrete volume = 3.000 m"3
Main Steel weight = 232.18 Kg/m
Steel weight/ volume = 77.39 Kgm"3

Final Results
Main ReBars = 94-d 20
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~C Cclumn Sectien Lesign  11m. TCR Eull Load

Project Information:
Projec: = OCMRT

Tide = { Im.FULL

Client = Clientl

Orgaruzation = MRTFSS
Engineer = K Sanpatchavapong

cen ]

Design Criteria

Design Code = ACI-318-93. Design Mkethod = USD

Concreze Stress Block = ACI-Whitney Rectangular
Design Procedure
The program pertorms the calculations in accordance with the ACI-318-93 Building Code for
Structural Concrer

]
Procedure for Cross-section Design

t. Compute the resultant applied moment as Muxy = Sqr(Mux"2 + Muv*2).
2. Select a tnal reinforcement ratio. starting with minimum ratio of {%. and distributing rebars along
the penmeter.
3. Compute the maximum axiai capacity in compression. Pno and tension Pnt. and check against
applied loads.
4. Locate the neutral axis angle and its depth to satisfv applied load Pu and the resultant moment
Muxy. This is done by trial and error procedure. The internal stress resultants for each angle and depth
of neutral axis angle are computed (see procedure below) and then compared with applied loads. This
process is repeated until close agreement is found. i
3. If capaciry in step 3 or 4 is found to be not enouah then reinforcement is increased until maximum
ailowable ratio (89%) is reached. )
§..Cross-section is declared as inadequate if it requires more than maximum allo“ able steel ratio

Procedure for Computing Stress-Resultants

I The stress resultants are computed by using the first principles approach.

2. Strain in concrete and steel is determined depending upon the direction and depth of neutral axis.

3. Concrete force is computed by integrating the stress field (rectangular or parabolic stress curve) over
the cross-section using the Green's Theorem.

4. Steel stress is computed by summation of force in each bar, correspondmo to stress at that location.
5. The computed stress resultants are reduced by appropriate capaity reduction factors for the Ultimate
Strength Design (or Worksing Strength Design) method.

RC Column Section

Column C-1 : Sect0001 : Total




I RC Cclumn Secticn Design - 11m.TOR Full Load

Material

Rebar Fv  =4.000 Kg/cm™2

Concrete Fv =330 Kg/cm™2
~ Clezr Cover =3.8 cm

Calculations

Designing Column Section:

Applied Load. Pu = 648.000 ton
Applied Moment, Mux = 492.000 ton
Appiied Moment. Muy = 0.000 ton

Applied Resultant Moment = 492.00 ton-m
Appiled Moment Angle =0 Deg

Solution Found:
Rebars = 71d 20 (Ast = 225.8 cm™2 . ratio =.1%)
Axual Compresion Capacity, Pno =4,216.631 ton
Axial Tension Capacity, Pnt=-812.807 ton
Resultant Moment Capacitv, Mn = 9[3.84 ton-m
Concrete volume = 2.230 m™3
Main Steef weight = 175.37 Kg/m
Steei weight/ volume = 77.94 Kgm”

L)

Final Results
Main ReBars = 71-d 20
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One Train On 30m. Viaduct Span

etrains passes cn 30 m. viaduct span, emergency braked = 1.5 misec’. © - -

frain weight is 2.574 T/m. add impact 30%. The.impact load added for maximum
sment in eccentric load, also this load applied in axial load too. The viaduct span is
‘.‘5.-;-: m.. top of rail is 11 m. above ground. Top of footing is 1.5 m. below grour'1d level.
olumn height from top of footing to viaduct support is 10 m., the viaduct and rail fixing

E25m.

The viaduct is on the top of column. One end fixed and one end free.

Column Col.size*2.4710 = 24Ac : Ton
Viaduct Load = 254.16 Ton
Track Load = 16.05 - Ton
tive Load = 36 Ton )
Train Load = 100.37 Ton
M. from emergency brake = 100.37/9.812.5*125 Ton-m
= 319.73 Ton -m =
‘Moment from ecc. load = 362 + 100.3774.25/2 Ton -m
= 231.29 Ton-m




v~ Column Secion Cesicn 17m. 1TCR with Eccentnc Load

fproject Information:

korojcct = OCMRT

fridc = [Im.Ecc.

iClient = Client|

Organization = MRTFSS

Engineer = K.Sanpatchayapong .

-

pesign Criteria
Design Code = ACI-318-93. Design Method = USD
Concreze Stress Block = ACI-Whitney Rectanguiar

hesign Procedure

¢ program pertorms the caiculations in accordance with the ACI-318-93 Building Cede for
ctural Concrete

$rocedure for Cross-section Design

# Compute the resultant applied moment as Muxy = Sqr(Mux*2 + Muy*2),

8 Sclect a trial reinforcement ratio. starting with minimum rato of %, and distributing rebars along
be perumeler.

Compute the maximum axial capacity in compression. Pno and tension Pnt, and check against
Spp'hed loads.

$. Locate the neurtral axis angle and its depth to sausty applied load Pu and the resultant moment

Mu\\ This is done by trial and error procedure. The internal stress resultants for each angle and depth

'( neutral axus angle are computed (see procedure beiow) and then compared with applied loads. This

'rocess is repeated until close agreement is found. v
+ [f capacity in step 3 or 4 is found to be not enough. then reinforcement is increased until maximum
dlqwable ratio (8%) is reached.

. Cross-section is declared as inadequate if it requires more than maximum atlowable steel rzmo

frocedure for Computing Stress-Resultants
- The stress resultants are computed by using the first principles approach. .
. Strain in concrete and steel is determined depending upon the direction and depth of neutral axis.

. Concrete force is computed by i wntegraung the stress field (rectangular or parabolic stress curve) over
cross-section using the Green's Theorem.

- Steel stress is computed by summation of force in each bar, corresponding to stress at that location.

- The compunted stress resultants are reduced by appropriate capaity reduction factors for the Ultimate
ength Design (or Worksing Strength Design) method.

RC Column Section

Coiumn C-1 : Sect0001 : Total




2C Column Seczen Destcn : 11m. TOR with Eccentric Load

Material T
Rebar Fy = +4.000 Kgfem2
Concrete Fv = 330 Kgrem™2 . R AU A
Clear Cover =3.8 cm

e
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i Calculations
Designing Column Section:
Applied Load. Pu = 3335.000 ton : \ [Sessasancaatascanisaisannaa
Applied Moment. Mux = 320.000 ton '
Applied Moment. Muy = 231.000 ton Figure .

Applied Resultant Moment= 394.67 ton-m
Applied Moment Angle =35 Dzg

Solution Found:

Rebars = 94d 20 (Ast = 298.9 cm™2 . rauo = .99%)

Axial Compresion Capacity, Pno = 3,617.779 ton

Axial Tension Capacitv.  Pnt=-1.076.111 ton

Resultant Moment Capacity, Mn = 1,117.47 ton-m 40

Concrete volume = 3.000 m™3
Main Stee! weight = 252.18 Kg/m
Stesl wéight/ volume = 77.39 Kgm™3

Final Resulits
Main ReBars =94-d 20
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Project Information:

} Project = OCMRT

Title = [ Im.Ecc.

1 Client = Clientl

¢ Organization = MRTFSS

- Engineer = K.Sanpatchavapong

Design Criteria
Design Code = ACI-318-95. Design Method = USD
Concrete Stress Block = ACI-Whitney Rectangular

Design Procedure
The program pertorms the caicul:mons in accordance with the ACI-318-93 Building Code tor
Scructural Concretz

- Procedure for Cross-section Design
|. Compute the resultant applied moment as Muxy = Sar(Mux*2 — Muy*2).
2. Select a trial reinforcement ratio. starting with rmmmum ratio of*1%. and distributing rebars along
the perimeter.
t 3. Compute the maximum axial capaciry in compression. Pno and tension Pat. and check against
: applled loads.

1 Locate the neutral axis angle and its depth to satisfv applied load Pu and the resultant momen:
~ Muxy. This is done by trial and error procedure. The internal stress resultants for ach angie and depth
; of neurral axis angle are computed (see procedure below) and then compared with applied loads. This
: process is repeated until close agreement is found.

3. If capacity in step 3 or + is found to be not enough. then reinforcement is increased until maximum
allowable ratio (8%, is reached.
6 Cross-section is declared as inadequate if it requires more than maximum allowable stezl ratio

’

Procedure for Computing Stress-Resultants

|. The stress resultants are computed by using the first principles approach.

2. Strain in concrete and steel is determined depending upon the direction and depth of neural axis.

3. Concrete force is computed by integrating the stress field (rectangular or parabolic stress curve) over
the cross-section using the Green's Theorem.

4. Steel stress is computed by summation of force in each bar, corresponding to stress at that location.
5. The computed stress resultants are reduced by appropriate capaity reduction factors for the Ultimate
Strength Design (or Worksing Strength Design) method.

RC Column Section

Column C-1 : Sect0001 : Total




3

' 2C Column Seczon Cesign . 11 m.TOR Ecc.Load

S

Material

Rebar Fv = 4.000 Kg/em™2
Concrete Fy = 330 Kg/em™2
Clear Cover =3.8 cm

Calculations

D‘esigning Column Section:

Applied Load. Pu = 333.000 ton

Applied Moment. Mux = 320.000 ton
Applied Moment. Muy = 231.000 ton

Applied Moment Angle =33 Deg

¥
Solution Found:

Rebars = 71d 20 (Ast = 223.8 cm™2 , rauo = %)
Axial Compresion Capacity. Pno =+4,216.651 ton ~
Axial Tension Capaciry, Pnr=-812.807 ton
Resultant Moment Capaciry, Mn = 364.16 ton-m

Concrete volume = 2.230 m*3
Main Steel weight = 175.37 Kg/m
Steei weight/ volume = 77.94 Kgm™3

Final Results
Main ReBars = 71-d 20
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Applied Resultant Moment = 394.67 ton-m

Figure




General Information

) Members 1, ot T
- Nodes 2
Basic Load Cases 3
* Seif Load
* Dead Load
* Live Load
Combination Load Cases 2
" * Service Load -
* Ultimate Load
i
‘ Material Information
Matenal Name £ [Kg/em™2] W [Kg/m*3] alpha {/C
1 Default Matenat 1.662E+10 2.400E+03 . 5.2C0E-06
2 Conc3s 2.824E~05 2.295E+03. 1.200E-05 .
¥
Member Information )
k o -
i Member Node 1 . Node j Area X (sqcm) Inertia Z (cm*4) ; Length (meter) ;
o 1 1i 21 2.250E+04 : 4.219E+07 ! 10.00 |
1
File: 1515_11F Page 1



Service Load Deflected Shape (mm)

{ dx= 18714 mm
! dy= -1.242mm -
rz= -0.003 rad.

bra e vy
7
( gx = 0.000 mm
dy = 0.000 mm

rz= 0.000 rad.

Page 2
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