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CHAPTER 3 ROUTE LOCATION PLAN

3-1 Preeoﬂditions for Route:Locétion

The foilouing points vere considered as preconditions for station location
and toute selectiOn‘:

) The route’ 13 scheduled to connect Apaseo el Crande (starting polnt) and
San Francisco del Rincon (teraination). Statiéns should be located in

each of the major cities existing between those two points.
(2) Through operation over the existing Natiohal Railways is not planned.
(3) Construction costs should be kept to a minimum.
Although:there may be'eome alternatlve plans for route seleetion, only the

route which best connects the station sites proposed in the follow1ng items
is adopted for thls study.

342 Station Locatioo
;3—2Ll Basie‘policieslfOI station lecation

Thé‘followiﬁg points, in'addition to the route location preconditions re—
'ferred'to in 5— I, have been considered in selecting the station site, be-

cause the railway proposed under this progect will carry 1nterurban as well

as commuting passengers.,

(l)'Hhile‘duly'c0n91dering'the characteristics of an interurban railway,
' the station location in each existing main city should be based on the
principle that ‘each city will have one statlon.

(2) The statien site should be selected so as to transport commutexs to the

residential town and ‘the Lndustrial coopplexes proposed by the State

Government.

(3) Aay pianned_lérge:prOjeets (such as the rew alrport construction plan)
should be considered fully prior to selection of the station site.
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(4)‘in Siting_a étation..the ékisting:éity'céhtéf (Centro Urbénb‘and Sub_
Centro Urbano), main factiitfes (bus' terxminal, cultural factlities,
highet édacatlbn facilfties, and phblic;mgrketé).'and'ﬁaih f@ad should
be c¢onsidered. Also, the st&tiOﬂ‘lOcétion {0 the urban areaéshould not
favot‘one‘speéific’ditection.

3-2-2 . Station location

A station lbéatlon'pian.has.beenmdeveloped‘basea on preconditions and basic

policy mehtioﬁéd abdbove.

:A'total‘df 14 statfons aré'planned‘from Apaéeo.el Grande to San Francisco

déifRincon'(Table 3-2-1). ‘ o '

Inéidentaliy, no station is proposed for the city of Cortazar for the reason

'stated later in the description of Villagran Station.

‘In the single~track section, signal stations will be.proﬁided at an iater-

val of 6 to 8 ka to ensure sufficient track capacity.
Requirerents consfidered for siting of each stétiqﬁ are éumméiiied:below.:-

Iabié:3-2at Proposed Statians

_ r_ s§aé of Station: © Location {Huhiéfpip)-
Apaseo ¢l Grande ‘Apaseo el Crande
A . e
Celaya a ‘ " 'Celaya
Villagran Villagran
B o Salazanca
Salzmaaca : v
C - ‘Irapuato
Irapurato ) s
'Silao P ~ Silao
o e S S
E . : .Lebn'
Lecn . "
F : ) (]
 Sn. Feo. del Ripcon | | Sa. Fco. ‘del Rindon

Note: - Indicated by each proger naze is the statfon -
selected near thé urban center fn each exfst-
ing ¢ity. Lettered staticns are proposed for -
othéx related developcent ‘projects (zesideace,
industrial cosplexes, and the airport).
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(ApaSeb el Granﬂc Station)

. The following points have been considered for sitlng Apaseo el Grande
Station,

‘a) As a matter of fact, this fs the station at the termlnating end of the
new - railway line proposed under this Project. However,-the station
should be designed for future potential extension to’ Queretaro,'a large
:city neighboring the east side of Apaseo el Grande City.

b)'Because the’ urban area is limited to a small scale, there should be

relatively less necessity for siting of the station near the center of
city.

In‘vieu of these Eéttors, the station site has been assumeéd near the main

road at the SOuthwest of ‘the future wrban atea. The proposed site 1is

located wear National Highway ho. 45 which serves as the main road in the
Bajio Industrial Corrldor.

LEGEND
- ~s New .ra ilvay

New station

Xéw urban avrea
(A.D. 2000)
Existing urban area

Ceatro utbéﬁo

——  Maina roads

<Apaseo el Grande Station>
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(Statibn'A)

Statfon ‘A should be -established mathly for comuuting and business connee-
tion to and from both existing and proposed industrial COmplexés. The sta-
‘tion site hds been selected near the center of the industrlal complex, con-~
sidering the’ possible exténsion of the radivs vltﬁin which petsOns use a

particular station.

- LEGEND

New”féiluéﬁl

New! station
Exlsting lndustrial
cocplex

New 1ﬁdusitlal R
complex (A.D. "2000)

. ; ) : Vatiénal Htghyay
For Celaya Sb\ \\\\; , _*‘ For Apaseo el Grande

l_ __%-@ T

Station: . 4"“—--— T v St al: pe

<"A" Station>
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(Celaya Station)

As a; result of the route selectién study, the route should Tun on elevated
fltrack above the medlan strip of the matn road running from ¢ast Lo west at
the city center.

Therefore,'unlike the proposcd stations for other cities, Celaya Station
can be located near the cénter of ‘the urban area.

The station 1s therefore to be located at a corner of the concentrated
disttict of high-educational facilities, ‘sports center, public parks, and
other city facillties._

The fellowing have,been cénsidered:

a) The. station site is fhear the Centro (about i, 700 m).

b)'The station site is near the community area of high -~education facilxu.

'ties, sports centet, and public parks.

¢) The station site is geographically near the center of the urban area, at the

shortest distance from most patts of the urban area.
d)‘The station is’ close to the main roads within the urban'area.,

e),The station is a short distance (about 400 m) from Celaya Station on the
Nat ional Railuays.

For o ] """"
“Villagrar ‘41‘:-v~-
i sgxan. - For Apaseo
r*——*-—ILCEhD-Aﬁ—‘m—hi_ F el Graade

-—~ New tailuay
- New station
' New arban area
=1 {A.D. '2000)

=z Existiag urban
== ared ‘

Ceatro urbano

o Naticaal railways

— Main roads’

<Celaya Station>
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(Villagran Station)

The area nithin}whiCh passengets would be'iikély Lo nse~VillEgtan”Stetion
‘¢overs malnly V'illagran City' and’ Coft’az:‘af City to the south, ‘The ‘proposed
station site 1s near the urban area of Villagran City to conveniently in~

terconaect with Celaya 1n the east énd Salamanca 1n the west. (See foot-
note bélow. ) ' a ' ‘

_ After study, Villagran Station has bccn assumed neav the southern urban area

in Villagran, considering the following points.

a) Because the Villagran urban aréa is snall (nearly within 9alking dis—
" tance),’ 1t is not necessary to locate the station in the" inner urban

area. Considering this point, the site has becn assumed near the urban

: 8[‘83&

b) The site has been assueed on the southern side of the urban area, con-

31dering the necessity of convenient interconnection with Cortazar City.

¢) The site is proposed near NatiOnal Highway No. 45, the nain road in the
Bajio Industrial Corridor, because this location is convenient for other

fitransportatlon.

LEGEND -

L-- Xew railvay | For

D - |satamanea RS i L
-&- New station i _ N S50 S .
: ¥ewv urban area : %.— J S e : ‘ }
EE (AD. 2000) | et T T

Existing urban . | - SR ' c 'For Cela a
a¥ea: - : ; o Y
National Highway' |: . ‘ ‘ : . T e '
No.45 ' B - <Villagran Station>

Footnote: Because it is desirable to use the shortest route betwcen the
urban areas of Salananca and Celaya, it has bcen decided that no

station site be proposed ‘th the vrban area ‘of Cortazar Ciry.
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'(Station B)

Station B is proposed mainly to serve the Valtierrilla area (about 10, 000
: population as of 1983) and the industrial dlstrict beit being cheloped
’along Hational Highway No. 45 and the existing railway line,

In selecting the statldn site, the following points have been’ con51dered.
a) Near the urban area of Valtierrilla

b) Near National Highway No. 45

Fdl? : ——————— LEGEND
[rapuato: LA === Xgw vailvay

g Xegw station

New viban area
{A.D. 2000)

== Existioeg Jﬂ’:aﬂ
fanmarad area

¥ Indsst(ial
i s disirfét kelt

------- Naticaal railways

¥atiopal Highwa
xa oga ighway

- P .“
Valtierrilla . For Villagran

<" Station>
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(Salamanca Station)

Salamanca Station is assumed at’ the center of the southern .urban area of

Salamanca City, considering the following points.

a)‘The existing Grban city on the north side of'Rlo Lerma s denséely popu=-
lated and further-ore, the eastern zone of the north: urban area is pro-
posed for a PEHLX plant site which will cover a wide area, therefore it

is difficult to plan construction of a new railway line 1n those areas.

:'b) hevertheless, the railway station (end raiiway route) can be established

in the south urban area at the present time, though ‘the southern area is
now being urbanized. :

¢) Because the south urban center is planned ‘as the’ Sub- Centro Urbano and
besides that, the interurban bus ter-inal, is also projected in the
nerghborhood of the Sub- Centro Urbano, it is possible that the site can
be developed as an integrated traffic center in the urban aréea of

Salamanca by establish:ng the razlway station tbere.-

d) The site is located near the urban main road passing through the center
._of the urban area from north to south .and has relatxvely good accessibil-

'1ty to the Centro Urbano (about 2 km 1n distance)

R
L)

II.".‘.‘..

1)
O
O

Lema river ;I 2h

......

LEGEND

| >F0r Villagran
-~ Xew vailway : : : |
‘New s;tat ion
New urban area
{A.D, 2000)
Existieg urban
acea o
. Ceatro utbano L <Salamanca Station>
wem Natioral cailways .

——= X¥aie roads
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(Station C)

As m the case of sfting Station A, Station C should be sited to provide

commuting and business connections to the existing and proposed industrial

complexes. The site has been seiéCted'neatly at the center: of the findus-

trial complex, coﬁsidéring ﬁhe radivg within which pérSons use hipatticulgr

station,

A

1rapuat0

<"C" Statién>
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-®- New station

5 Nevw tndustrial

© National raijlways

New railway

Existing industrial
<onplex

coaplex {A.D. 2000)

Mafn roads

—_—

_J

For Salamanca



- (Irapuato Station)

'The wrban area of Irapuato is elongated from north to'soufh.l Thetefbre,:gf
the' project east-west ex’tehsibn route detours around the outskirt of the.
urban atrea, it would naturally resuwlt in: increases of bath traveiling time

and construction cost.

. Yor this‘reason; it is inevitable that the: route EHOUid;pess‘throughéthe
urban area., The proposed site for Irapuato Station has been selected. cOn—

-sidering this and the following points.

a) Because the populated aree'elready e%tets both edtth and east 6f‘the”clty:.
center, there is very little possibility of passing abové the’road:es in
the case of Celaya City.,

b) It is difficult to locate the route aeross the military facillties to the

northeast of the urban area.

c) Since both southern and western areas of the city atea planned for urban-
ization around the year 2000, there is a high possibiiity that the rail-

way route can be developed under the - systematic plan.

d)'Ihe area neat and avound the ptopdSed site fof‘the new station in the
southern urban area‘is planned for develepment of the Sub- Centro Urbano,
and 13 also served by the ‘maln road (National Highway No. 90). There-

fore, the new station ‘can be developed as-an’ integrated part of the whole
‘city developzent schere.

For Siléo

Military facidities

. *
-—~- XNew ¥ailwvay : k
-3 New stationm

. 'Ve'.v urban’ area
EE3 (ALb) 2000)
== Existiog urhzan Y S AP o A
=== area ) - = LR N OGS O
Q

Ceateo srbaro For Salamanca
—-— National t’él:il\rays_ .

— Main roa:ds‘ ‘ <frapnato S‘tatio.n>
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(Silao Station)

The Silao Station site is prOposed near the contact point between the south~
ﬁest of .the existing urban area and the new development urban ‘area, con-
sidering the future’ tendency toward urbanlzation. The matters considered

for selection of the site are as follows.

a) The urban area of Silao is planned for equal extension in every diree-

Lién, However, large future expansion of the area, on the southern side
' 6f'tﬂe existing National Raflway in particular, ‘is envisaged by the
| devéloPment‘plan. Furthermore, at the present stage there is a large
.possiblllty that the railway constructlon plan can bé fncorporated’ into

the urbanization plan as a whole.

b) In'and ﬂeat the area prOposed'for construction of the new station, there
is a ‘'development plan for the Sub-Centro Urbano, which ¢an be integrated

with the construction plan of the new railway station.

¢) The site is 10cated near Silao Station of the National Rallways (about
200 El)t

d):Selectiﬁg;a site en the northern side of:the'exiéting urban area would
_ééke the route longer and increase the nunber of separated grade cross-
ings 'with National Highway No. 45 and the existing railway track line,

This would result in large cost fncreases.

' LEGEND

-~ Neéw téilway

& New station

Mew urban area
(A.D. 2000)

== Existing viban

i For Irapuato
€ Centro urbano K ; \; .
‘ : N 3
“n Naticnal railtways § . .l-or Romita kl'
—— Haia roads ‘ ' _ _ '

i"or Irapuato

<Silao Station> :
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{Statton D)

Station D ha§ibeéh:assuméd’as the station for interconnection with the “New
Airport” now béing planted by the Federal Government' {1 the west of $ilao
City. ' ' ‘

The construction’ site for Station D has been selected on’ the south side of
the airport after considering the foilowing points. ' '
a)'Thé-airpoft terminal building is pfopbsed at;ihe sobthefﬁ'end of the new

airport site.
b) National Righway No. 45 passes thrﬁugh'the southern side of the snew afr-
port. : ' S | '

EGEND - -——
-3 New railway
-mi New station

: C o e  National raileays
,".. New airport :
H * ‘-
L
»* ‘Q..

' National Highway
No.45

,i‘?dt Silao

<'""p" Station> -

- 42 -




(Station E)

The site £or Statioén B has been selected in accordance with the new residen-
tial'toﬁn development plan offered by the State CGovernment.

Station E is planned at the center of the new residential town as one of .

pajor component facilities at the town center.
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(Lcon Station and Station F)

In planning construction of ithe new ratlway in the central urban aréa of
Leon, the fbllowing matters have been considered aside from preconditions

and basic polic¢y as aforestated.

a) It is antféipatéd that Leon City wbulawhave'a.cldser télationéhlpjwith
Silao City Ehan with San Franciéép_dellkihbon."Thefefdre;:it is neces-
sary to establish the terminal station considering the facts’ that there
is a possibility of shuttle 0per#tion fréﬁfleoﬁ tdiétd Silao and fhét
there is a higher probability of teﬁtgtive OpehiﬂgAtO the tratfic at the
earliest‘§o$sible‘date in the section from Lepn‘to Silao rather than in
thé section from Leon to the tetainatipg pointibf fﬁé‘linei(San‘Pranéisco.
del Rincon Station). . '

b) It is necesséry t6 establisﬁ the station near the teﬁtral urban areé;-in
| so far as it is possible, for the:conventeﬁce of the public who utilize

the station, because the urban area of Lebn is mucﬁ.larger (fédius of

about 5 kn) thaﬁ'ény other city.
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onsidering all such matters, e 18 planned to construct Leon Statfon acar
the center of the urban area and to nake Station F the terminal station,

fach slte for those stations is selected considering the following points.

(Leon Statién)
a) The site is situated c¢lose té the center of the 'urban aréa of Leon and,
furthermore, in a well baianced position.

:b) Land can be secured to prdvidc sufficient space for siting of station-
assoclated facilitics (such as station plaza, etc.). .

¢) The site is situated near (about 450 a) the terminal for interurban

buses (only one now in existence in Leon City).

-d)'The site is near (about 250 m) the cost important road in the urban area
_(Nationai Highway Ro. 45).

For Lagos For San felipe

Leon Station
- LEGEND

——— XNew céllway

_a. New station

' New urban area
(A.D. 2000

Existiog wrban
aceéa

Centro urbane S N ¢ : N0, 45

For E Station

¥ational railways "~ For Silao

— - #aim voads -

For Sn. Fco.

ph For Cueramaro
del Rincon . '

<Leon and F Station>
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‘(Station F)

The reasons behind the pléd'to establish Station F as the termlﬁel_statien

may be explained as follows.

a}

Because Leon Statiohiﬁlli:be situetediélose to the cedter of the exlst-
ing urban’ area and the statfon will be established on the y[aduet; the
costs of constraction and land acquisition weuldrbe increasedesignitif

cantly if the statfon is designed with the terminal function. Therefore,

-jthe station with’ the terminal function has been planned for construction

b)

at ground level on a separate site where the construction cost can be

reduced due to the relatively low land acquisition cost,

Notwithstanding the basic p;lnciple Eor the interetban railway that e¢ach
city ‘should be limited to only one stetioﬁ; the station with the ¢omple-
mentary functfons to Leon Station has been blahned in the southwestern

part of the urban area which is being devéloped for nrbanlzation (mixed

' land utfilization ‘area). The urban area popu!ation of Leon ‘1s expected

to grow to 1.6 miliien with an area expansion to 8,000 ha.

The reéasons for siting Station F in the southwest ‘of the urban area are as

follows:

¢) Considering the neeessity to secure funetioﬂs eomblemeetal to Leon Sta-

d)

tion, ‘the Station F site ¢can . be expected to serve as the future base
point in the new urban area extending to the southwest, uhlle Leon Sta-
tion s main radius of : persons utilizing a particular station covers the

existing urban area and ‘the new urban area {at north east and south)

-

Sufficient tand to construct the station with terminal Eunction can be

acquired with relative ease.

e) The site is idcated_near'the main road withia the urban area.
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" (San Prancisco del Riné()n Station)

‘The San ?tancisco:dél Rincon Statlon site has been selected for the follow-

fng reasonsi

3): The ‘proposed site is near the paln road ihtercbnneci:lng both' San
Francisco del Rincon City and Leon City.

b) The site is also near the most important road existing between the urban
areas of San Francisco del Rincon and Purisima,

&) The site is close to the center of the urban area of San Francisco del

: Rinc(m. ‘

-“‘,:;_( . =
by o W o - A e
T g oo

. B

%
ol
7
s
.:':l';.- ! : :
P T -
e risima :
] Puris LEGEND
pE
L U =~ New railwvay
i'-:“i . -m- XNew station
f;} gy New urban area
3 7] (a-D. 2000)
: . ) £==2 Existing vrban
i PRI : =
$an Francisco del Riuncon : area
) o ® Ceatro urbano
<San Francisco del Rinéon Station> <  Hain rtead
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3-3 Route Sélection
The robte has.been seiected in accordance uith the following basic policy
from statton to station as proposed under the station lécation plan as

stated in 3-2-2.

Route selection is based mainly on a lf50 000 map and when neccssary, site

cobservation.
3-3-1 . Basic policies for route selection
o Prior to route selection, the basic policy had been established as follows

with due reference to the preconditions as stated fa 3-1 ‘and 3fter full

comprehension of the land utilization plan, land utiltzation status, and

other conditions of topography, roads, and extsting rallways.
(l) In order to restrain Constrﬁction-COSts to the possible niﬂimdm
1) The roadbed should be embanked as low as"poésible.
2) The crossings with other transport system such as existing railways

and main roads should be kepf to minimumi.
‘the crossing should be elevated4

Hhen cr0551ngs caanot be asoided
Crossings with light traffic roads may be designed as grade Cross-—

ings. :
{2) Routes shOuld not separate agriculturalrfields'and urban areas, as pos-
sible, nor should they pass through excelleat agricultural fields. '

3 Stations should be connected via the shortest possible route.

{4) The continuous viaduct systen of a mininum required length should be

designed in the urban area to_keep the smooth urban functions.
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3-3-2 Route selection
;Thc route selected in- accordance with Item 3—3~l ‘and the construction stand—

ards referred to in ? 2 are shown in Fig, 3-3-1. Please refer to the at-~

tached plan and profile views for further details.‘

fig. 3-3-1 Route Plan
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CHAPTER 4 ALTERNATIVES

In this feasibllity study, alternatives to be examined hereafter are drafted
in the form of alternative implementation programg by considering ‘scheduled .

‘operation commencement years ‘and proposed construction sections.

Altﬁdugh'there can be other factors to be considered additionally in select-
ing the alternatives, sueh as rOUté'locatiOn and motive power system fdr ex~
‘ample, it is assumed here that the route location is limited to the one as
stated fn the preceding chapter and the métive power system is the etectriu

fied system as selected after the comparative study in Chapter 6.

4-1 Preconditions fdr Alternative Haklng

Followlng preconditions are considered in seiecting the alternatives.

(1) The tra[fic cepaclty of the existing roads between Silao’ and Leon and
' between Irapuato and Silao will become saturated by 1995 and 2000 re-
spectively. It is therefore nécessary that the railway should be oper-

:.ating commercially not later than those estimated time limits.

(2) The new residential toWwn to be constructed between Silao and Leon is
planned for a total: ‘populatién of abouvt 160,000 by A.D. 2000, Into this
new town, the State Government intends to stimulate the migration of the
population and also intends to establish 1ndustries in the new fndus—
=.l:rial ¢omplex, néar Irapuato City and’ between Celaya City and Apaseo el
Grande City, and, furthermore, to create balanced growth of each city
in!the COrridor, mainly by means of the proposed railway. Therefore,

the railway should begin conzercial operation as early as possible,

Sogthe reilway.cohstruction is pianned to begin in I934 - However, a
minlmum five—year perlod is required fer preparatory works {(establishing
;orgahization, surveying land, and designing), land acquisition, con-
i<5truction, and tead tice for test operation, couniSsioning,'and person-—.

:nel training; the earliest possible openlng year would be 1990,

(» Construetion works should be executed ‘step- by~step by converting single
‘trqck into double track, in accordanée with the increases of passenger

transportation demand.
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(4) Durlng the . project lifetime, sections where passenger transportation

demand is extremely small may not be constructed.

4-2 Alternatives

In viéew of the above preconditions, the foltowing two alternative scheduled
"operation commencement years and two alternative proposed construction sec-

tions are considered.

1) Scheduled operation_cOmmenoement year
1990 or 1995

é}:Proposed construction”seCtion'

The whole section between Apaseo ‘el Crande and San Francisco del- Rinc0n
or the linlted section from fA] te [F].

Thus, the Following three ‘alternative’ cases (implementation programs) are

selected for comparison from among all the combinations.
These three eases are outlined as follows:

Case 1: (Schedoled operation commencement in 1990, completing the whole

section)

Both scheduled operation commencement year and construction section
ave divided into three stages, duly considering the : increasing
trend of transportation demand and financing arrangements ' {Table
4-2-1). These are double track operation between' IF] and  Silao
and single track operation between Silao and Salamanca from 1990
to 1994 (Stage l), single track operation throughout the rest of
the whole section with double track operation between [P] and Silao
from 1995 to 1999 (Stage 2), double track operation throughout the
whole section after 2000 (Stage 3) Since the sections except the
portion from Silao €0 (Fi will be operated as single track up to
the year 1999, the signal stations Will be provided for the single—

track scction to easure snfficient track capacity (the same ts ap-
plicable to Case 2 and Case 3).
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Case 23

_0359135

(Scheduled operation commencement in 1990, completing the partial
section between (A} and {F])

Two sections from Apasco el Grande to fA} and from IP] to San
Francisco del Rincon will be excluded from the proposed railway
construction because of ‘theirt cxtremely small transportation de-'
mand. Both scheduled operation commencement year aad construction

section_will be divided ‘into three stages as same as in Case |

(Table 4-2-1).

;(Schéduled'bperation comnencement fn 1995, bompiétingfthc whole

“section)

Scheduled operation. commencement year is divided into two stages

with the siaultaneous construction of the whole ‘séction starting

_from 1984. The railway will begin comAercial operations by 1995

with double track for the section between Sllan and [Fi and with
single track for the rest (Stage 2). Single track wiil be con-

verted to double track in ‘the -second stage and double track op-

~eration foér the whole section will start from 2000 (Stage 3)

(Table 4-2- l)

Besides those three c¢ases mentioned abave, the fourth case will be con-

sidered which will be scheduted for operation 003mencément-in 1995 by Com-

pleting'the'section between {A] and [F]. However, this case has not been

examined in the study’ hereaftér, since it can be easily evaluated by coam-

parison with preceding three cases,
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CHAPYER 5 TRANSPORTATION OEMAND FORECAST

5-1 Outline of Forecast -

The demand for passenger transportation on the new rallway has been pre-
dicted in accordance with' the flow chart, Fig. 5-1-1.  The process can be
sunmarized as follows. '

1) Analysis of tféﬁSpﬂrtétIOn demand at Pfésent and in the pQSt
- 2) Bﬂaldiﬁg Of‘féfecaSt.méaels based on the results in the foregoing sub-

ftem 1)

3j'Forétast'6f total traansportation démand baséd on future socio-economic

conditfons
4) Fb;eéast of rallway passengers based on future transportation networks

$) Forecast of peak period railway passengers according to the estimated
- peak ratio :

" Forecasts havée been made for each of the alternative Cases | to 3, given in
Chapter 4. :

Forcasts are given for 1990, 1995, 2000 and 2010.

The forecasl is based on the exiéting'deménd of bus passengérs in the State
of Guanajﬁatd.':AlthOUghfit would be preferable to consider transportation
demaﬁds'bther than fof'bus‘traffic alone, the felevant data are not availa-
ble,:butjthesé‘figﬁtes can bé'éonsidered safe, since alwmost all passengers

travel froﬁ‘city to ¢ty by'ﬁus.

This Ebrecastjexcludes-tﬁrougﬁ'fraffic and passengers coming from other
states into Gdéﬁajuéto.!iThis is ﬁéinly-because the necessary data are not
;availaBlé and it is cOnsideied rather unlikely that those passeagers would
utilize the néw railway. | |
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§-2 Analysis of Existing Transporfatloh Depand

The prOccss of the: analysis of existiﬁg transportation demand comes under
5-2 in the flow chart of Pig, 5-1-1, including 1) analysis of the changing
trend of total transportation demand over the years and its relatlonships_
with economic activities and 2) analysis of transportation demand on an
jnterzonal basis’ Hithin the State of Guanajuato. The explanatory models of

transportation demand for ‘the State of Cbanajuato have been bullt through

reference to the results of those analyses.

5-2-1 _Analjsis of total traﬁsportation‘demand

In brder to Eorecast transportation demand in the future, the past process
of_gfouth in total transportation demand ﬁithin;the State of Guanajuato
should bé fully understood. However, relevant data are not available.  In-
stead'*ttahspoftation data of past nationwide trends available from the ATPF
(Auto Transporte Publico Federal) have been anmalyzed., . Ia this analysis, it
has beén assumed that the struétural pattera’ of annual demand increase in
the ‘State of Guanajuato would be similar to that of the ATPF on a nationwide
scale-in_Hextco.

Analisis has been condﬁctgd by explainiag the tfansportation demand of the
ATPF by both GOP and the }otal national population. The result is as fol-

lows:

PATEF = -635.1 + 2.039 x COP + 0.6686 x PT
{Hultiple correlation coefficient R = 0.98) tueerennsnass (1)

ﬂhere,'PATPF: AT?F'SZ annual total of passengers transported (ﬁillion)
- GDP: - Gross ﬁééesticlProduct of Mexico (1,000 Hillion Pésos, at
: _ j970'prige levels)
PT: ' Total national population (Million)

The data'used for this anal}gis is from the statistical records for 1972 to
1980 (Appendix 5-1).
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5-2-2 Analysis of interzonal transportation demand
(D Eﬁierionél demand
In order to¢ estimate transportation demand it is necessary to identify

the - points of departuré and arrival for each person 's trip, in addition
to estimating the level of through traffic,

‘However, since there are ‘many indi#iduai points of dépattﬂte-éﬁd arriy- -
al, statist1cal data have been coabined in order to provide a workable
analysis. Thus, the project area proposed for forecasting of traaspor-
tation demand has been ‘divided into several 20nes, ‘each of which serves
as the unit zone for those points of departure and arrival. TranspOr—
tation demand is analyzed on an interzonal’ basis," rather than by iadi-

vidual: polnts.

In this. study, the whole State of Guanajuato is divided into 15 zones,
The basis: for this division: is ‘the OD Table of bus traffic passengers:
1n:!982 Flg. 5-2- l “shows divided Zones. and the flow of bus passengers
in excess of 1,000 persons per day_between the zones (Appendix 5-2).

From'Fig. 5-2-1, clearly there is a concentrated flcw of passengers
along the Bajio’ Industrial Corridor within ‘the State of Guanajuato.
There is also a conspicuOus inflow and outflow of passengers between the‘

Industrial Corridor and its env:rons, especially to and from Guanajuato

City, the capital of the State.

Hajbr-trafficfflow of passeﬁgers bgr day afe as-ioflows:

Salamanca - - Itapuato: 4,721 persons.
Salamanca - Santiago: 4,600 persons
Leon _ - Silao: . ‘&,569 per§0ns
Celaya - Acambaro: 5;44? persons
Cuanajuate - Leon: 4,067 persons

Naces of-muhiéipids contained in each of the 15 zones of the State of
Guanajuato are specified in Table 5-2-1. ‘
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Table

5-2-1 Municipios of Each Zone

Iturbide

Iturbide

e . - B )
No. Name of 'Zone Center of -Zone Municipios
- ) - ‘ g Apasco el Grande,
1 | Apaseo gl Graﬂde Apaseo el Grande Apaseo ol Alto
‘2 { Celaya Celaya Celaya
"3 | villagran Villagf%h Viliégran; Cortazar
4 | Salamanca :Sélamanca ' Salamanca
5 | Trapuato :ifapuato irapuato
6| silao Silao Silao, Ronmita
7 | Leon Lebh_ Leon
3 Srt. Fco. del Sn. Fco. del _Sn,_Fcéf'del'Rincoh.
Rincon Rincon Purisima de Bustos
‘ Acambare,’ Coréneo, -
o . Jerecuaro, Tarimoro),
G | Acambaro Acaabaro Tafandacqao;1Salvdtierfa,
Santiago Maravatio-
- _ ‘ - Vé}le'de Santiago, Yuriria, -
10 | Valle de Santiago | Valle de Santiago | Moroleon, Uriangato, Jaral
= . del Progreso -
: _Penjamo,:Rﬁanimarp,'hbas6lo,
11 | Penjamo Penjamo Cueramaro, Pueblonuevo,
: Ciudad Manuel Boblado
i2 Sén Miguel de San Miguel de Allende, Co&éntort;_Santa
Allende Altende Cruz de Juvéatino, Rasas .
13 | Guanajuato Guana}uato' Guanajuato, Dolores Hidalgo
14 | san Felipe : 'San ?elipe_ San Felipe, Ocampo
_ San Jose de lturbide, 7
s San Jose de . S4n Jose de Atoarjea, Xichu, Victoria,

San:Luis de la Paz, Doctor
Mora, Santa Catarina,
Tiexrablanca :
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(2) hhhlysis'by grévity.model
Normélly,:it is éxpectcd'thaiithe level of the tvansportation demand is
Influvenced by the level of ccono-ic actlvities in each zone, It is also
considered theoretlcally possible to determine the interzonal transpor-
'?tation demand ‘in relation te‘demand generated in each zone’ and to eco-
ﬁemie:distance (as vesistance to the travel as represented iefterms of

travelling time, ¢ost and other factors from zone to zone).

‘The;gréyity’ﬁedel‘is one of the models built by conversién of those
theoretical conceptions into'the_equatiOn as follows:

Tﬂ =a(Pi"P‘j)>8dij“Y N ¢

ﬂhere;-Tij: ‘Transportation demand between zone i and zone j
Pi: Population in zone i _
dijﬁ :Ecﬁﬂbmle distance between zone i and zone j

‘a, B, ¥: Paramecters

EEqué_ti_on (Z)Iimﬁlies that the transportation derand between zones i and

3 kéuid be propottioﬂal to the product of the population in zones i and
'§ and iﬁ_invetse proportion to the economic distance between the two
zenes i and'j. |

Analysis of tnterzonal transportatlon déepand in this study has been con-

ducted by application of the wodel of thlS type.

For‘applicatien of equation (2),‘the necessary data are of three kinds:

1) Transportation demand by 0P as expressed by T1j
‘2) Product of population by zdnes as expressed by Pi- Pj

3) Econonle distance between zones as expressed by dij

Of ;hese three, the.data cited in 1) are from the OD Table of bus pas—
sengers In léBZ‘and the‘data in 2) come from the statistics eplpepula—
‘tion b&:zones in 1982'33 presented by the State Goverament of Guanajuato
_(Appendif 5-3).

“As for the data referred to in 3), the following pethod has been used
_for calculatlon by reference to the road map and the existing bus serv-

ice route netwerk in the Statea‘
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Firstly, the travelling time by bus “has becn uscd as thc cconomlc dis-
tance betwcen two’ zones. However, therc is the question as to which
point uithin the zone | should be chosen as the basic point to calculate
such travetling time. In this study,'among the Hunicipios Hlthin '‘the
zone, the Hunicipio with the largest population in 1982 has becn taken

up as the core Wunlcipio-

However, the zonéé‘of'bdth Villagian and Cuaﬁajuatd“respcctiéélj'have
‘been éxcepted from the prcmised'tulcs,-bccauscithc'forMQt fs near the

Industrial Cotridotfand the latter is the capital of the State.

The Centro fthe center of the Munieciplo) has been set as the basic Zone

center for calculation of the tfavciling‘time (Table 5-2-1).

' Secondly, in order to caléulate the‘traVelling-timcfof bus Sc:viéés, a
network was established conéisting of bus Servicé‘liﬁés of  three cate-
gorles by reference to the existiag conditlons of bus | SErvice in the

State of ‘Guanajuato (Appendix 5-4).

The bus services of the three categories are as follows:
1) Interurban bué'

. 2) Local bus

3) Urban bus

For example, travelilng tige between zone 1 and zone j has been obtained

from the following process.

It cén be assuued that pasSengcrs would prccced from the ccﬁier of zone
i to the terminal of either interurban bus or local bus by urban ‘bus.
“There, they may go to the bus terminal of zone j after changing to an
inteturban bus or local bus; Then, after one more transfer_to an urban
bus ia zone j, they would arrive at the ceater of ‘zane }. Tracélling
“time. Includes all’ necessaty tize for “this trip including time for

’transfer from bus to bus.
Althcugh alternative routes way be:lmpicmeﬂtéd for‘interccnhécticﬁ be-

tween zone i and zome j, the linimum time requircment for the route has

Ibeen chosen after taking all this into account.
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The rcsult, after analysis by use of the gravity model as shown in the

equation (2) is shoWn in equation (3) and s modified to suit the anal-
» ysis.

Log T1§ = -8.79 + 2,059 x (log PL+P}) - 5,522 x (Log dif)
' '(ﬂoltipleicorrelatiohtcoéffioiént R= 0.78) vorvvnes (3)

5-3 Forecast‘of Future Transportation Demand

Forecast of  future transportation demand corresponds to S5- 3 in the flow
chart  as shown in Fig. 5-1-1. Future total transportation demand within
Guanajuato is calculated using the data predicting the future transporta-
“tion network and socio—econonic s$ituations as well as using the model
described in 5-2.; The result is tﬁé:futurc‘transportétion demand for bus
transpbrt{jserving as basie¢ data for computation’ of railway traosportation
demand in 5-4,

$-3-1 Porecast of total transportation demand

The purpose here is to seek the total volume of transportation demand within
' the State of CGuanajuato. The result dénotes the control total for the total
volune of interzonal transportation demand as stated later in this Chapter.

The forecast is made on the basis of the ATPF's model, expressed by Equation
(0.

'Ihe A'l‘Pl?'s model deals with total transportation demand ' for the ‘long-
dxstance bus transportatlon in Mexico on a nationwide. Therefore, in order
to apply ‘this model to the State of Guanajuato, the above assumptions have
been made.i Then, the following measures have been taken im order to apply

the model to the State.

Indepevdent variables for the model are’ GDP and total population and the
dependent variable is the total transportatlon démand of ATPF. To forecast
future total volume of transportation demaand, those varlables have  been
increased in proportion to the future growth rate of both GDP and population
in the State of Guanajuato as referred to in Chapter 1. Furthermore, total
voluae of:trénsportétion demond in the State of GUanojuato has been esti-
_Eated by: multiplying the existing transportation demand in the State of
Guanajuato by the growth rate of the estimated value for ATPF.
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$-3-2 PForeécast of interzonal transéortation:demaﬁd'

The first stépiisfto'forccaat demand botﬁeéﬁ 15 zones., The second is tg -

forecast demand betueen more'fraétionalizéd zones with consideration of the

railway stations to be newly establishod. In this rebort; the former {g

named 'forecast between large zones® and thc latter *forecast between small

zones'.

(1) Transportation demand forecast betwecn Létge zones

Forecast between large zones has been c0nducted for oach zone OD by

estimated future’ population in the State of Guanajuato and travelllng

 time between each zone into Equation (3) as shown in (2) of 5- 2 2i

(2)

Future population is shown in Table 5-3~ i. Trabélling time by bus at
present, as showa in 5 :2-2 (2), is used as the’ travelling time between
zones in the future. Total volume of transportation demand, summéed wup
for each zone OD from interzonal demand within the State of ‘Guanajuato,

has been adjusted to comply with the control total as forccasted in
5"3"] *
Transportation demand forecast between small zones

Transportation demand between small zonés has been forecasted by

distributing the values of demand forecast between large zones.in pro-

portion to the population of each small zone. However, for forecast of

'transportation ‘demand between snmall zones existing in one large zone,

denand has been forecasted by the same method used between large zones.

Demand forecast between small zones accounts for new depand created by
the new residential town, and the industrial complexes as méntioned in
Chapter 1 and ' Chapter 2. However, because of the differences from

existing demand, the Eorecast has been made by a different method froa
that already mentioned.

Firstly,:uith regard to the: new residential town in the suburb of Leon
City, the great majority of 1nhabitants are commuters working in second-
ary: and tertiary industries, Thus, transportation demand in connec—
tion with other neighboting cities will most probably be mueh higher

than the level of conventional interurban demand.  Therefére, demand
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Table 5-3-1° Future Population of Each Zone

(Ynit: Person)

No. Zone Name 1990 | 1995 2000 2010
i;f Apaseo el Grande 103,000| 117,000 | 131,000| 161,000
2 | celaya 320,000 | 33,000 | 474,000 677,000
3 { villagran 124,d00 147,000 | 170,000 '226,0&6
:4‘ Saxagahca 2@2,000 303,000 374,000 _55?;000
5 | Trapuato 402;000 509,000 | 635,000 | 969,000
”‘E’ Silao 143,000 158,000 171,000 '199;000
B Leon 1,i10,000 1;435,000 1,942,600 3,262,006
8 Sa. Fco. del Rincon | 111,000 126;000 140,000 | . 170,000
9 Acambarof | 196,000 4&&,000 489,000 582,000
10 vatle de Santiago 328,000 341,6005 356,000 | 382 .000
il Penjamb‘ .293,000 339,000 378,000 461,000
12 san Hngel de Allende "ns,000 | 253,000] 289,000 369,060
13 cﬁanajuaco 225,000 255,000 | 285,000 | 349,000
14 Séh'félipe 95,000 102,000| 108,000| 118,000
15 | san Jose de Iturbide | 23i,000 268,000 305,006 389,000
i | Total 4,351,000 _;,241,000 6,246,000 | 8,870,000

| {Source: The State Government)
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which would be generated from the new rcsidcntial tOWn has been fore-
casted through vefevence' to demand in similar resldential towns in
Japan, Factors obviously different from Japan or peculiar to chico
such;as population compositioa_by ages:and population per houschold,

have been considered.

Secondly, transportation demand for the industrial c0mplcxés proposed

for construction at two sites has been Eorecasted by the folloulng’

'method.

(3)

Comnuting demand has been estimated from Lhe assumed working population
in the industvial complexes and has3beeﬁ addéd'to transpoftation deiand
between the industrial’ complex zonc and the neighboring zones, taking

into account present commuting pattern in the State.

Result of‘demand forecast

According to the result of demand farecast OF total bus passengers

within the State of Guanajuato, it 'Is estimated that ' the ' total

- passenger demand for bus transportation would reach a moﬁthly total of

3,707,000 in 1990; 6,250,000 in 1995, 10,792,000 in 2000; and 20,431,000
in 2010, as shown in Fig..5~3Fl.
20,000
15,000

12,000

£,250

5,000

x1n? .
passeagec 1539 - 199
Year - .

Fig. 5-3-1 Tota1;Iransportat10n Demand wtthtn.
the State of GuanaJuato {Monthly)
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‘Estlmatea interzonal - tranéportation demand within ' the State of

~ Guanajuato by 2000 is shown fn Fig., 5-3-2. It ciearly appears that
even in 2000 there would be iérge 1ntétch5nge of traffic between zones
along the Béjjo Industrial Corridor, and also betwcea these zoneé‘and
Guanajuato zone, Transportation demand between all the zones within
the State is shown in Appeadix 5-5,

_Cited Belqw are the main ftems of daily transportation demand éstimated’
for each zone OD:

Irapuato - {C}: 39,900
Irapuato - Salamanéa: 33,600
Leon - [E]: 35,700

: Leoﬁ - Ifapuafo: 27,900
Leon' - GUanajuaibz él;?OO
Leon’ - Silao: 19,000

1t should be noted, that each estimate as shown above includes probable
ﬁew demand to be :ge:nerated between the new residential town and the
industrial complexes and their mother cities. Therefore, the estimated

figure caanot be directly compared with the 1982 figures.

S-4 Forecast of Rallway Paééeﬁger Transportation Demand

Forecast of_transportét%on'demand of railway passengers corresponds to park
5-4 in the flow chatt; Fig..S—l—l. ?uture_interzqnal bus passeﬂgefs as
fotecastéd by 5-3 is diyided into demand of both féiluay'and bus respec—
tively. This is doﬁe by use of the diversion curvé and the traffic service
rpohditioﬁs of raiiway andiﬁus bétueén zones based on the assumed future
traffie neiﬁork.: Railway passengers depand at peak period is estimated by
application 6f the peak ratio. All those forecast results are referred to

in later chapters.

S5-4-1" Estfmati%n of divéréion curve

'Potential‘diveféionibf estimated demand from bus to future railway trénsport
dépends ultimately upon the difference between the railway and bus transport

sexvices.

Genétal,indexes, or indicators, of the transportation service aay be repre-

sented by travelling time, fare rate, puactuality, and confort.
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'Transportatlon demand for railway and bus should be ac¢counted for by use of
a general fndex combir‘!ing all the above factors. chertheless, travelling
tice has been chosen from among them as the sole index in this study.
Therefore, possible diversion of pass-znger demand from bus to rallway- (after
the comgontement:of operation of the new raflway) should naturally be de-
terﬁinedaﬁy combéfing'the fravelliné‘tiﬁés of ratlway and bus, this Being

deterained, not for total tranoportétion demand, but for:each zone OD,

There are various Ways in which to determine the diversion rate due to dlf—
ferent’ travclling tlme between zones. In this study, the time- -ratio diver-
sfon cutve method has been adopted. This 1is based'opoﬁ'the theory that
.transportatlon demand for a cettain mode may be determived from the ratio
of traVEiling time for coapeting transport modes, in this study,’ railway and

bus.’ Fig. S-4-1 shows the diversion curve used for this study.

(Fali'sharé)
1005

8o}

60} .

0.5 1.0 1.5 2.0 2.5 3.0
(Rail tice,
Bus [ioo

"Fig. 5-4-1 Diversion Cu_rve' to the New Railway

The diversion curve, showa in Fig. 5-4-1, "should be estimated'by comparison
of travelling tiee ﬁetueen ralluay and bus and the share of rallways in
Hexico. However, since ‘there is no railway in Mexico similar to that pro-—
posed vnder this! project ‘the curve has beea estimated froam the result of
the questionnaire from the preceding fneld survey in the State of Guanajuato

and ‘also by reference to theldiversion curve available in Japan.
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‘The diverslon curve thus estimated can be also expressed by the following

function. -

R ef(x)

5ij :
1 + ef(x)

.csl‘ltini‘.lI.Orl.:l..ll:l.l‘lo.ll.i‘iol (4)

£(x) = 3.471 - 2.708 x Ri]

Where, Sin: Railway share between i and j ZOncs _
Rij: Travelling tice ratio of raiiway versus bus between i and . j
' zones (travelling tice by railwayltravelling tiwe - by bus)

5~4-2 Assumptidn for calculation of tfavelling tine

In order to determlne rallway transportation demand by applicatién of the
diversion curve, it is necessaty to calculate travelling tize between zones

by tatlway and bus. This 'can be determined from  the trafflc._netwbrk

assured for the future.

The.dperatihg sections of the new railway are ihdicated:fOr each alter-
native case by years in Chapter 4. - Travelling time from station to station

is specified in Chapter 6.

Basically, travelling time betkeen 26ne§ by railﬁay.fs calculated from the
above factors. However, sinée the railway service is a statlon to station
traunsport, the bus sérvice has been assumed as the avaxlable reans for ac-
cess traffic. The access bus is therefore assuged to be‘the weans of con-—
nection from the center of’éacﬁ'épne to the nearest railway statfion without
any transfer for the sake of passengers' convéhiehée. Therefore, travel-

ling time from i zone to j zone by raliway has been célculatéé as follows.

It is assvied a passengef would atriﬁg at the réilwaygétatiOn by means of
the access bus from the:centet of zone i"then cdntiuﬁe his journey by
railway,‘and arrive at the center of jrzone by eeans of the access bus from

the nearest station. Travelling time (1ncluding transfer time) is camputed

as total tice required for his trip.

Travallihg time between zones by bus is uééd<as caléulated in $5-2-2 (2),
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5-4-3 Result of forecast . : :

passenger trénspéttatibn‘deéénd for the railway is calculated by multiplying
‘total tréﬁéportﬁtioﬁ demand between zones for each stage by the railway
shéfe (éé'may be obtalned by the‘divefsion ch#e).

Annual'réllway transpdftatioﬁ deﬁand thus Ealculatéd fn Case | is shown in

Table S-4-1 éhoﬂ? the number of passengers pér day paséing.fron station to
stdtion:for'each;alterdatIVe:case; each year, Table‘5—4~2 shows the number
.bf'passeﬁger$ per day embarking and disembarking at each station. Refer to

Appendix 5-6-9 for estimated transportation demand for each OD.

15,000 1 :

: 12,813
10,000.
6,671
L 5,000 4 3,517

| 1,499 _
«10’ . T | ‘
| passengers 7 1g99 1995 2000 - 2010
) : 'Year ’

‘Fig. 5-4-2 Estimates of Raiiﬁqy Passengers Demand {Case 1)
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S-4-4  Porecast of peak perlod'transpdrtafion demédd

Forecast of transportation demand at beék‘peflods”ie necessary to formulate
~ the tratn operation diagram, design the station buildings, and plan'the sta-
:tlon'plazas. '

‘Ta thisg study, the recorded data available from the Hetto in Hexlco City'
has| been used as the data representing the dally fluctuatlon in’ transper~
tation demand necessary to calculate demand at peak period’ (Appendix 5-
10).. Since the ralluay ‘uader this study is different 10 chatacter from the
exxsting Hetro system 1n Mexfico: ‘City, it is not expected that the daily
fluctuation of transportation would necessarily “be exactly samé as in the
case of Metro., However, - in consideration; of local_ ‘labor practices in
Hexico, such data are core suftable than siﬁilar_data availaﬁle in other

countries. °.

Peak period'tfaﬁSportétidn deméﬁd may Be‘caieulétéd'by mﬁltipl?ing the
full day transportation demand for the railway by the conCentration rate of
demand during peak per10d. In applying the peak ratio, direction of flow
wust be taken ieto cﬁnsi&eratlon. During the morning rush hours, ‘the peak
in the flow of comnuters going to their offices, faetories or schools from
their residential is larger than the flow in the opposite direction.
‘During the evening rush houts, the epposite applies.

In this'study;fthe peak‘ratio for each OD has Been éﬁplied, ESéuﬁiﬁg tﬁe
larger populatid& zones to be working pleces; Hoﬁeve;, the ielationehip
::between the new residential towns and the industrial conplexes are ex¢luded
from this principle. In alt of these cases, com4uters are assumed to live

An new residential towns and work im industrial complexes.

The foérecast resolts arebéhewn in:Table 5-4— 3n(Cé§es i & 3) and Table S-4-4
(Case‘Z) ‘tespectively. The peak tatio has been taken from data reeorded in

the Hetro with '18:00 to 19:00 as the peak period and 12: 00 to 13 00 as the
off-peak period.
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OPERATION AND ROLLING STOCK PLAN
| | CHAPTER 6






‘ C:Hﬁ.f’iER 6 OPERATION AND ROLLING STOCK PLAMN

" -1 Operation Plan
6-1-1 Hakimum speed

A maximum speed of 130 ka/h was selected in order to secure an advantage

over bus travelling time.
6-1-2 Selection of power systen

There are two basic types of powef'system to be éonside;ed, electric and
.diesél, and twé',types of :rolling stock to be consldered, réilcars and
locombtiQQEhauled trains. These seiéctions are to be based on comparative
Study'bf Bpératiﬁg'ﬁetEOIMance (écteleéatidﬂ, deceleratioﬁ, and traveling
iiée) and cOsté'(iﬁitial‘investﬁgnt and depreciation of an electrification
systéﬁ;'runﬁing costs,  such as fuel eor povwer; and repair and maintenance
' (:oéi:). . :

Roiling‘:stOCR capable of: 130 kmfﬁ maximunm operating speeds has been
selected hére.so'phat sexrvice can be superior to fhat provided by the
extensivée network of bus lines. This requitement c¢an be met bf'either
electric orﬁdiesel power and by either railcar or locomotive propulsion,
wiih;yety little difference ia traveling tice. Power costs are ¢heaper
with electrifieation, evén when depreciation of the electrification system

is'iﬁclcdéd. as illustrated in Fig, 6-1-1,

Railcaré Bgve several advantages of flexibility. They ¢an be added to
train consists ecasily as demand grows, without changingtrain operating per;
" formance. ‘Conventiohhl locomotive haulage, furthermore, requirtes locono-
tives to be=ﬁncoupled and run avound passenger cars at each terminal or

turiback station, and this requires additicnal time and personnel.

In view of these and othef factors, an electric railcar system has been

adopted for this project.
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* 1 Electrlflcatlon xnvcstmcnt T
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Fig. 6-1-1 COmparisonlbf Power Costs
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6-1-3 Operation line bhatt and standard running tige

The opéiatioﬁ line chart provides the basis for assessment of the standard
running time of ;he’traiﬁs, the train ihtetval, and other detalls related
‘to the operationiplan,

The operation line ‘chart is ‘obtained as follous.

(l) First, the "speed versus dlstance curve , which expresses the theoreti—
‘cal varlation of the speed of ‘the train as a function of its movement is

drawn, based on the performance of the ‘rotling stock and the conditions
of the track (gradient and cutvature)

(D) Next, thé'”dlstance versus time cutve”, which expresses the relation be-
tween the passage of time ‘and the movement of the train from station to
station, is drawn based 6n the speeq versus distance cucve™, for calcu-
lating thé'runniug time required between Successive étatidns.

'(3)'The standard running time is obtained by rounding off the required run-—

' ntng time, fo unies of 15 seconds,

The flow chart of the protedure to'draw the operation line chart is shown
in Fig. 6-1-2.

Specific tensile ‘Speed—tensile} Accelerating Speed-distance ecurve

force - . o force curve | force curve | |by gradient

Starting resistahcc . jRunning resistance ‘

Running resistance leurve N

Curve resistance, Tunnel resistance}-—-——--— ! OPERATION LINE CHART

————— e

¥

-

Brake performance

Brake curve

Haéhiué capacity f———-———— -

P AT T T
Railroad condition, Facilities condition| -—--
L H

Fig. 6-1-2  Flow Chart to Oraw the Operation Line Chavt

T



The principal mumeri¢al data vsed fn this project are shown below, .

(1) Dita related to the'rOIling stock - ’

(2)

(3}‘Planned maximum speéd

Train make-up:

Height:

'Average_acceieration

current
Acceleration:
DPeceleration:
‘Speed linmit

At curved sections:

At turaouts s

4M2T (Praetically the same performance is ob-

"tained for the distinet train formations taken .

into consideratiOngin ‘this project, i.e., 3, 6:

ane 9 carst)

265 tons {for a train nfth'norEal:acéOmmodation)

i 4R0A

Up to 56 knlh speed 1 56 kmlhlsec.

Hhen stopping at a station 2.50 km/h/sec.

There is no speed restriction on curved sections

‘because the minimum radius of curvature is oOte

than 1,000 m (R ) | 000 m) in view of the route

location.:

Turnout nunber #i12, 55 kafh (at the turnout side)

130 ka/h -

oY

The standard rupning tiewe, ea!culated on the basis of the operation tine

chart taking into consideration the above conditions, is shown in TEble

6-1-

6-1-

(1)

1. (Gperatlon 1ine ehart' Refer to Appendix 6- l.):

4 Running time

Stopping time

It:is assuned that approximately 30 seconds is sufficient for the pas-

sengers to get on and off the: train. HOWever, the' stopping time is as-

suzed to be 60 seconds at passing stations for single track operation

and at some of the’ large stations.

?or full double-track operation, it is presumed that it ‘will be possible

to shorten the stopping time ian, the stations of Irapuato and Leon, in

consideration of actual operating experience.-
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Table 6-'1-1 Standard Running Time List (Assumng Full Double Track)

To’ the North j Section ‘ To the South
EC 4M2T : Sthtién' Distance ‘EC 4M2T
Apaseo . . \
345" | 4.56 kn 345
e o34
Ceryen Coengemn
5 15 | cetaya 7.?5‘ 5415
. 1Aant! . . ’ |'; "
{1 00 Villagran 19.65 | 11_00
- 8'30" | 14.17 130"
e ' tanlr
S 3Q. | satamanca .8.40 | 5'30" .
815" 14.30 8'1s"
1 €] . 5
515" . 8.25 515"
7 Irapuato
Yt 1 : 17 ¢ A
17 00:_ Silao 32.55_ 17700
i1 L L : 6.20 : 'tll‘(:}n
:4 39 [D]. | 3
6130" 10.50 6'15"
! (£) |
g9*30" 15.90 9'Q0"
Leon
*15% 8.10 5%15"
5*15 (Fl
9t 00" : Cl116.12 -~ gtast
: - | Rinceon : _ _
99'15* | Torar | 167.12 98145

(2) Traveliing time
“The funning tiee is obtained by adding a margin of approximately 3 per-
. cent. to the standard ruvaning tice, calculated above.

The travelliﬂg tiee is: obtained by adding the stopping tim¢ to the rua-

‘ning time. . The: “chedule speed is obtained dividing the distance by the
travelling tige,

‘The runniag timé, stopping time, trdvelling:time, and schedule speed
- are’ calculated acéérding to' the type of power system and type of track
'(i.e.; single track and double track). {(Refer to Appendlxes 6-2 — 6-5. )
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6-1-5 - Types of trains

"The rallway planned along the “Bajio Industrlal Corrldor" 13 assumcd to bo
basically an interurban transportation type railway. However, conmut!ng
'Lransportation will‘be taken ‘into consideration between [(E) Station and Leon

Station and between Salamanca Statien and Irapuato Stattbna

There is the poSsibilitf of introduéing*the'“rapié’train serrlce"'and the

"liﬁited express trainraéréice":in'the future. However for this project
only the local service train is taken into consideration, becausc the total

. length of the route is only 167 ko and the travelling tine is approximately

2 hours aéconnting_for differences in double and'single‘track.j

6-2 Transportatidn Plan
6-2-1 - Preparation of the transportatlon plan

The transportation plan is prepared by determining the ttansportation capac—

ity required each’ year, calculated from the estimated’ transportation dcmand.

The Following. facts are considered fn preparing the'tranépbrtatiOn blan.

(1) The volune of 'traffic is 'subjéct to fluctuations. Thérefnre, the
transportatzon plan shall be prepared in such a way as to éope with the

fluctuatrons ‘of trafflc volume according to the season, day of week,

and pcriod of time.

Particularly=:nith regard to the' perisod of time, the transportation

capacity shall be plarned in such a way to cope with the traffic volume

of corning and evening peak hours and the traffiléd éolnne‘during the day
~ tige. h '

(Z)EIn principle, the trénspbrtatibn'éapacity‘ahall be decréased'during”the
periods of ticme with a seall voluge of_traffic;fhoweﬁer,‘the‘transpor-
tatinn plan ahall be prepared by conSidéring convenience to theﬁusera.

(3) Any modification in the'transﬁortation.ﬁlan normally requires a*prepara—

~tion bériodrofiabprdximatély 2 years at least, because it involves
tchanges in the number of | rolling stoc& and train crew, | Therefore, the
transportation plan shall be prepated by considering a sufficient Bar-

gin of spare capacity in order to cope with [uture evolutions. of the
traffic volume.
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6-2-2 Traffic volume and transpotrtation capacity

The ttanapprtaiiéd capacity of cach case, corresponding to the’traffic vol-
' ume of each ycar based on the forécast of transportation demand, is shown
in Fig. 6-2- l. '

The atandard congestién rate considered for the sake of calculating the
transportation capacity is’ 200 percent of the normal accommodation during'

the peak hours’ and 100 percent durlng the day tire. . Normal acconmodation
z'_is-, assumed to bc 350 persons with a train make-up of 3 cars and 720 persons

with a train make up of & cars. The degree of congestion in each section
is shown in Table 6-2-1. '

6-2-3 Train bperafion diagrém

Examples of tratn operation dtagram based ‘on the above plan are shown in
Appendixes 6-6 and 6-7.
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6-3 Rolling Stock Plan

6-3-1-

Required quantity of Tolllng stock

The required qudntlty of rolling stock is dctermlned'by brepéflng the roll-

ing stock rotation diﬂgfﬂm, based on the Ltnin operation dlagram described
in the prcccdlng sectlon.

The quantlty of spare rolling stock is determined by (aking fato considera-

tion ‘the rolling stock requlred for perlodlc inspection and emergency re-

‘pair,

The quantlty of rolling stock required by year is shown in the Table 6-3-1.

(Rolling stock | rotation diagram:

Refer to Appendix 6-6.)

Table 6-3-1 Quantity of Rolling Stock Required by Year (i earr

) Case } Cese 2 ' €Case 3

| o | sme | rormt | vewe [ Tspere | tomr | muse: | soare | torm
rssosioge 1[0 <10 =30 3¢ x3-8¢ [acxtr sefae oo e nsise e o i
[ s_(;;l ;:1;_= 3 [3x3-9" 3% 1319 |3 x 10 -0 |3 %3 -s |3 = 1:3-3*; T -
13 ;ge—l' 3—-:!_674-; ;; i; 17 _3_:_?0:5—.6 3'; 15'1‘; 3;7!:7)? 3 x 19-5) -3 w6 =48 {3 x =32 ;!20-60
o Slege_E 6x16 - 96 ;_i:q;:'u. ;TZ.;T{E 6 x 15_:9; 6 x & -zT 6 = 15114 |6 %1696 |6 x 4-24 k;:_m-no
PO Gaas 316 = 56 |6 % 4 =24 |6 = 200120 [6 % 13 30 |6 * 826 |6 x 19-218 |6 x16 36 |6 = ¢ =28 |8 x207120
2010fstage 3J6%23-138 |6 % 428 [6 x 27-162 |6 x 70:120 |6 x 8 +26 |6 x 26148 |6 x23-138 |6 x 424 |6 x21-362

6-3-2 Train make—up

Buring initial Operation,

SubSequent expansion to a six-car make-up, as described in 6-2-2.

lowlng train make—up is recommended in this project.

* 3 car meke4up:

'Eﬁ‘car rake-up:

"He M

He M!

Tc

TMH' Tc
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6-3-3 Specifications of the rolling stock

(1) Rolling stock gauge
The “Shinkansen {express) s:andard"'of‘the J.N.Ry could be adopted fa’
this case, the rail gauge being 1, 435 mm, but - the "Conventional Line
Standard* of the J,N.R. 'is adopted fnstead, thorough consideration of
the evolution of the traffic volume and the invcstments in rolling
stock, (Rolling stock gauge.' Refer to Appendix 6—8.)

(2) Speciffcatfons of the rolling‘stock

The specifications of the rolling stock are shown in Appendix'6¥9.

6-3-4  Maintenance of the folling stock o .
(l) Inspection systea

. The rolling stock is subject‘to problems such as Heef; defcriOrétion,
and corrosion proportional to its running mileage and; as a consequence,

1ts performance deteriorates gcadually

1t is necessary, therefore, to inspect and repair the tolling stock at
regular specified periods of time or distance, in order to maintain its

satisfactoty perfornance.

The type, contents,jand period of inspection and repalr are established

“as in Table 6-3-2, based on many years of experience oflihe J.N.R,
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Table 6-3-2 ?&be,ity¢le,itonténts, and Site of Inspection

“Type and Contents of Inspection Inspection Cycle ;;26“

F#f : ' . Running tion

fd—.—iType . . Contents Cycle Distance | Site
' : The varieus parts of the'rollihg. With- ‘

Overal} stock shall be disassembled and | |- Within Work-—

inspection | submitted to a detailed overatl |7 4 800,000 km | shop

| inspection. years
The principal parts and compo-
‘ _ neats of the rolling stoeck, such ‘.

ImpPrtanp as main motor, bogie, running With- I ,

quponents gear, pantograph, auxilxary ™W- | in 2 Within | Work-

an§ ?arts tary machlnes, andATSequipment, years 400,000 ko § shop .

inspection shall be renoved or disassembled
Re- and: inspected in detail.
guiar _ i
in- Annual in- | The main motor, truck, running be oy
SPEC™ 1 gpection equipment, and brake eguipment %1th— Within Car .
t1008 | (fruck in- | shail be disassembled and in- in 1 200,000 ka | depot

: spectlon) spected in detail. year

The conditions, operation, and
functions of the pantograph,
: special high-voltage circuit, ,

Bimonthiy | rotary machine switches, brake ?lth' Within Carx

inspection | equipment, bogie, running gear, in 2 30,000 ko depot

and ATS equipment, shall be in- |ZOnths
spected in their mormal condi-
tions in the rolling stock.
R
Replacement and repleaishment of
wearing parts and exterrnal in- :
: - | spection of the state and ogera- | With-
C . - : Car
paily inspection: | tion of the pantograph door © in 48 — depot
' opening/closing equipment, in-' | hours P
door equipmént, truck, running
gear. ' ‘

: . ‘ - L . Car de-
Temporary inspec- Inspectlon to be c?rrled oup asf. Auny . pot or
tion occasion demands, in tﬁe case o tize work-

any trouble in the equipazent.

shop
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(2) Volunme oi'!népcction ﬁork
The inspection cycle is the basls {or caleulatlng lhe quanllty of rolt-
ing stock to be inspected. There are two criteria to determine the in-
spection cycle of the rolling stock, {.,ec., the runnlng distance (kilo-
meters) and the number of days clapsed (number of days), acnordlng to
.the state of use of the rulling stock ia this projeet,ithe lnspectlon
cyele is determined in terms of running distance (kllometers) with' the

purpose of maximizing the efficiency of use and minlmizlng the required

quantity of rolling stock.

The required volume of'inspeetioﬁ‘ﬁofk‘and fhe sedle‘of the inspection:;

and repair facilities ate:ealeuiated as follows.
‘a. In the car depot (ennuai inspectibn and bimonthly insﬁectloh)

A.=%—‘xﬂx1xﬂ

A: Scale of the iﬁSpee{iOnféﬁd fepair fiaek (QUaniity of rolling

o étock)‘__ . | : | .

N: Quantity eflroiling stock {only motor cars in' the case ef
annual inspection) - :
Average ruaning kild&e;eis;per'day

S: Inspection cycle in'kilometers

‘D: Nﬁmber‘of days réhulted'fer’insbectioh

ﬁ.. Coeff1cient of coincidence with hlgher rank lnspeetlon

Y: Actual operat{on rate and fluctuation rate '

Rote 1:: The number of days' of operatiOn, excluding,sﬁndaya.holidays
: and days for periodic inspeetion of maehine, is nermally

265 days per year.

Note 2: The fluctuatien rate'Hepenﬂé on the fluctuations of the
' traf[ie volume and 1nspeetion, but in this case it is as-
sused to be 20 percent (l 20).
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b.‘Hptkshop {overall inspection and imporfént components and parts.inf

spection)
W= Joo> x N x K *B
8 s
H = ExD
h
'Hhere,

W: ﬁﬁmbefiof rolling stock laspected per year

: ' Number of rolling steck .

K: Average ruaning kilometers per day

S ;Inspéttibh cycle.in‘kilbmetéfs |

g: Coefficient of éﬂpequsition ﬁith higher rank imspection

M: Quantity of rolling stock inspected pefiday

D: Rumber of déys speat in the workshop (20 days in the case of
inspéétion of 'important components and parts and 25 days in
the case of oveféll inspection)

Y: Number of operation days (assumed to be 265 days)

The quantity of rolling stock . to be inspected each year in the car depot
and in the workshop and other relevant data is caleulated for the sake

‘of reference. (Refer to Appendixes 6-10 and 6- 1. )

-9 -






~ RAILWAY FACILITIES
- CHAPTER?7






CHAPTER 7 RAILWAY FACILITIES

7—1'}TopOgra§hy and Geology
7—1—[--T0pography'

The area this railway is bcing planned for belongs to the central plateau
 of the country, whlch has a flat topography and altitudes in the region of
'1,710 toll,820 meters. On this plateau, at the northeast of Leon there are
étaep mbﬁnta[ns cbnsiéfiﬁg af-acld eruptive rocka with altitudes of about
5'900 métefa._ On the other hand, at the north side of the plateau exlSting
between Silao and Celaya there is a hilly country consisting ‘of conglomer—

ates, sandstone, and apld-eruptive rock with altitudes in the order of

2,100 neters.

To the:SOuth of the plateau, the area between Salamanca and Celaya has
hilly country with gentle slopes, consisting of acid eruptive rocks. In
the area between Salaganca and San’ Fraacisco del Rimcon there are hilly

sections consisting of conglomerates and sandstone in the form of islands.

The principal rivers of this area are the Rio Laja, approximately 80 meters
wide, which extends from east of:Celaya to east of Salamanca; the Rio
Lerma,‘apprOximafely 80 meters wide, which is located near Salamancaj the
Rio GUanajuato, apptoximately.32 meters wide,  located near Iraﬁdatq; tﬁe
Rio Silao, approxisately 30 ceters wide; located near Silao; and the Rio
Santiago,'approximately 15 meters wide, located near San Francisco del
Rincon.,  In additiOn to the aforementioned rivers, theregate many other
irrigation canals, the 1largest One approximately 15 meters Hide. In the
dry season, there is no water in most of the rivers and canals of this
area, wifh exception of part of the rivers and some canals that utilize
weli water. According to data and information collected on the field sur—

vey, the last inundatlon of the Rio Laja occurred in 1978.
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7-f~2 Geology

Hith exception of somc parts, most of the area where this rallway is being'
plannéd is’ located on an alluvium deposit, Hith altcrnating sand ‘aad clay
'_1ayers. " The thickncss of these layers is Qf‘the order-pf 20 to 30 néters,
The K-value is 6f the order of 10 to 20 for‘depths:up to 3 meters from the
surface and 20 of:more for‘larger dehiﬁs, because the area fa quéstion con-
sists of ééﬁdy cohesive soll with a high grade of consdii&éttOn. Generally,
the | foundation ground is expected to have sufficlent bearing capacity to
support structures when the N-value is 20 or more in the ¢asc of cohesive
soil and 30 or more in the case SEQSandy‘iayers. Therefore, the structures
of this project can be constructed with spread foundation on the coheslve

‘soil with R-value equal to or larger than 20,

The possibility of an earthquake in the Salamanca area is almost zero,; ac-
cording to the “Regionalizacion Sismica de Hexico para fines de Ingenieria

{Seismical Regionalization of Hexico for: Engineering Purposes).

/-2 Construction Standéf&s .
7-2-1 General standards

The general standards for construction of railway tracks are shown in
“Table 7-2-1. ‘ :

Table 7-2-1 General :Standards |

Ttem ' - Spccffication
Track gauge : “‘ _ 1,435 om
Disiénce between track cehteré 'h,OOO i
Hinimum.éurVé fédihs ' | -};000 @
Hékimuﬁ grade ' : :g;_ E1';5‘1
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7-2-2 Construction gauge

The co;iét'ructibn' gauges of this railway project, existing railways and

highwayé of Mexico are shown in the Figs, 7-2-1 to 7-2-4,

{1) New railvay construction gauge

2,990

o
5
o
O
wy
-
L, 3,150
ol :
gla,-C
L 2,410
) (Cnit: =)
Fig. 7-2-1 New Railway Construction Gauge

(2) Existing railway construction gauge

The construction gauge of the National Railways of Mexico is as follows.

4,700

2700

1

N804

A

-\

| - o

N/

(tnie:

‘Fig. 7-2-2 Single Track

1,200

e

200 2,500 1,200

ll..zo’il 7,000 llzeq
T — /-
& \
[ ] .C
22 -
Sl A 12850, 4,500 2,45
JC e e
h §, _‘L - 2,900 __pr
- 9400

EO_L 3,400 ks

4,900

ra)

Clait: 2}

Fig. 7-2-3 Double Track
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(3)'Hinlmgm construction gauge'of ﬁighuays

According to the SANOP, the ninfmun construction gauge of highways fs
as folleows, -

: Ol

Lf 4,500

250"

L5 I
l,___iéﬁﬂiﬁ;;Jf: A

{Lnft: =n)

Fig. 7-2-4 Minimum Constructioh'ﬁguge of Highways

7-2-3 Design live load

The design live load is pianned to be the hauling load of Fig} 7-2-5. The
axle load, P, is planned to be 14 tons.,

PP Freile p . rrller e

B 1.0 . ;g A réo Jiﬂfélﬁj;

(Unit: )

12,0,

LB

Fig. 7-2-5 Design Live Load
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‘?LJ Structure Plan
7-3-1 Track structure
(1) Track structura

The specifications

and track formation level width
of the track structure are shown in the Table 7-3-1.

Table 7-3-1 Track Structure

Iten

‘Contents

Rail

Equivalent to S0 kglm

Sleeper

Prestressed concrete; 44 unit/2?5 meters

Batlast

250 en thick

(2) ‘Wideh of formation '

The width of forsation level is shown in the Figs. 7-3-1 and 7-3-2.

Fig, 7-3-1 Single Track

)

10,600

1,100

2,400

2,400

7

1,600

’T'

I IS
1 4,000 -
t‘——'l——————ﬂ .

{(Unit:  @m)

Fig. 7-3-2 Double Track
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7-3-

(1

(2)

2. Earthwork
Embankments

In’ principle, ‘the embankments of this project should be low type ones

“withe heights in’ the order of 1 meter. The. steepness of slopes should

be 1:1.5 for embankment heights up to ‘12 meters and 1:1.8 for those

'exceeding 12 meters.

Berms shohih be'pIOVidéd for embankﬂehﬁs ekeeedﬁhg 6 métetég The fiest
beram shoﬁld be located 3'meters below the'topzéfltﬁe embankmeat and the
subsequent ones should be separated by 6 meters. The width' of the berm
should be 1.5 meters. ' '

The embankments constructed in this project should have the standard

‘specxfications described above.

Cut
The standard steepness of slopés of the cuts Should'be 1:1, For rock,
the steepness of slopes of the cuts should be 1:0.5. '

The berms of the cuts should be the same as in the case of the embank-

ments.3

7-3-3 . Strucétores

{1)

{2)

River bridges

The bridges constructed across rivers should be éinple beaa typaes of
reinforced concrete, with a span of approximétely 20 meters, in view of

econony and ease of maintenance.

Viaducts of grade—éeparated crdssings

Grade-separated c¢rossings shouid be adopted at the intetsections with

“the existing railways and the principal highways. The viaducts con-

structed in the grade—separated crossings should be‘siﬁple beam types
with a span of approximately 20 neters, in view of econo-y and ease of
wmaiaterance., The structure ot these viaducts should be adequate for

the width of thé highways as they stand at the present time and the

railway track width, .
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(3

(8)

viadiets of urbasn arcas

At sgations( the viaducts should be rigid-frame, reinforced coacrete
structures able to contain the{stafion building., At the other parts
of the station section, the viaducts should be simple bean types, rein-

forced concrete, with a span of approximately 20 meters.

‘Culverts

IrrigatiOH éanais cutiby embankments should be provided with culverts.

Box;tjpe culverts should be uséd in the principal irrigation canals,

while conventional pipe-type culverts on the market should be used in

the minor irrigation canals.

The 1ist of the structures fs shown in the Table 7-3-2 and in Fig.
7"3‘3. .

Table 7-3-2 List of Structure Quantity

: Quantity
Classification : — Remarks
No. Length (km)
‘Bank | | 153.5
© Cut ' : 4.1
B 0.4 |Rsinforced
Viaduet 5 | 90 |Xeinforces
box cowvert | 3 | Retnforced
P ‘Pipe ﬁulvert: : 512 ‘ | : §gigggigéd
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1-4

"Station Facilities Plan

7-4-1 Track layout plan

The

()

(2)

3

(4)

track layout of each station should be as follows,

In Stage } of Casefi and Case 2 (Fig.i?#QJI) and Stage 2 $f'Ca§é-],
Case 2, and Case 3 (Fig. 7-4-2) the tracks shoutd be arranged in such a
way as to facilitate the works feor conétructibn of adaitiénal tracks

for double-track configuration (Fig. 7-4-3).

i

Safety sidings $hould be=provided in the railway stations ahd‘signal
stations of single-track secctions; in order to ensure safety, trains

should arrive simultaneously.
$ignal stations should be abolished with dduble—trgck operation.

The through-type track layout without relief tracks should be adopted

in the intercediate stations for doubleétrack'bperatioﬁ. zﬂoﬁévér, ¢on~

' necting tracks should be ptOVidéd to provide for maintenance work  and

ezergencies.
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7-4-2 Passenger servlcé faCilities
(l) Station main building

Generally speakihg, the station main building shall consist of 4 prin-
cipal faci!ities, in order to handlo the traffic of the passengers in

an efffcient way.

Traffic‘fécilicicst Statlon concourse and ticket gate
| fassengér facilities: Haiting roon, washroonm, patcel roon, news
. stand and telephone booths.
Station service Facilities: Ticket office, and information bureau
Administrative facilities: Statfon office and roons for accessory
- ' factlities '

The basic layout of the above facilities is showa in Pig. 7-4-4,

Passengers i  Passengers

embarking’ \\";r I;f'disembacﬁfng
S : ¥ . . .
Station - tation Traffic | Passenger
‘ service

office facilities| facilities

facilities i

'Fig. 7-4-4 Basic Layout of Station Facilities

The statlon ma1n bulldlngs are designed to two dlstinct scales, accord—
ing to the characteristics of the passengers using then.
"a) Statlons ‘principally handling commuters,

b} Stations priancipally handling érdinary.

The statlon main buildings of type a) are of a relatively small scale

compared with b01ldings of type b), because they have a higher traffic
efficiency. : : o :

Buxldings of type a) should be cOnstructed at statxons A, B, C b, E,
and ‘F. The scale of the station 15 ‘calculated by using the ' calculation

equation of the Japanese hational Railuays. (Table 7-4-1)
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Table 7-4-1

Scale of Station Main Building
X i _ i ’ : . ) e
— .
scale of Station Name:ef Station ]
3,400 m? belafa, Selgmanca, Irapuato, Silac, Leon '
:>; 2 ) - ’ — “—"W
1,000 m villagran, C -
500 n? Apaseo el Crande, A, B, D, E, F, Sn. Feo. del'Rincpn
. .
o In Céiéfa. Salaeanda, and Leon, - the statfon main buildlng and' the

(2)

- track center is 1,600 me,

'viaduet will be ¢omposed of a monoblock structure for the sake of wmore

efficient utilization of the space under the viaduct,

Passengef platform

The height of the passenger piatform will ‘be 920 non above the top-of-

rail - level. The distance from the passenger platform front te the

The length of the passenger platform is 140

' meters, by_teking'ihto consideration a sufficient margin to cope with

6-cay trains.

The separate platforms are adopted in all stations of this project,_
considering train operatlon in the two terminal stations and the ease

of future extensions in case transportation demand in the interﬁedlate

stations increases._

_The width of the passenger platfoim is ealeulated from the number of

passengers embarmtng and disembarking at the peak hour. (Table 71-4-2)

Table 7-4-2 Passenger Platform

(%assenger Platform Wideth | Nare of Station
3.0 m Apaseo él Grande, A, Villagran, B, D, F,
* Sn, Fco, del Rincon

B 4.0:q‘ .c, Silao, E _ .
5.0 m Celaya, Sélaeanca,_lrapuato; Leon
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(3) Passenger platform shed

The passenger platférm shed should, in view of the passenger service
requircoents and weather conditions, be as follows. (Table 14 =3)

.Tab]e 7-4-3 Passenger Platform Shed

T : Area‘£0veréd T
Narme of Station : 1 by the Shed

Celaya, Salamanca, lLeon » : Héxipum Frain:!eﬂkth

E, F “(faxinun trafn length)
C, Irapuato, Silao, D, _ ‘ : T

Apaseo el Grande, A, Vxllagran, B, Sn. Fco. del -
Rincon

? cars

(4) Overbridge (for passengers)

Overbridges should be provided in all stations except terminal and over-

head stations, for the assurance of passenger safety.

The overbridge should be arranged at a place uhere it does not cross
with the traffic lines of the passengers. Furthermore,_lt should be at
a convenient distance from the ticket gate in qrder to prevent conges-
tton. (Fig. 7-4-5) | | |

~ Platform . § o Track

e

Platforno

LA

:0verbridgé Sigf'passénger) /
. Station

Fig. 7-4-5 :Overbridge

(Refer to Appendix 7-1 for the statfon main building scale.)
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7-5 Station Plaza Plan
7-5-1 Dlmeﬂsions‘ﬁf the station plaéé

The Station ‘plaza is the point of 1nterconnection between the railway and

other modes 0f transport. Therefore, it should be: constructed to provide

an organlc interconncction between railway, cars, and’ pedcstr!ans, by con—

sidering local peculiarlties and the state of the transportation system.

The stétioﬁ?plazaipiayé an important patt as a subsidiary factlity:of the
future railway system. Therefore, the standard ‘dimensions of each station

' plaza is calculated based on the future transportation demand forecast
(refer to Table 7-5- l).;

The'e4uat10n of the Japanese HNational Rallways to calculate the diwensions
of the Statioﬁ'plééa'is used in this study. The results of calculation are
shown in Table 7-5-2.

Table 7-5-1 Arrivals and Departures of Railway
-Passengers for Each Station {Daily)

(Unit: Person)

Statipn : Passenger (A.D. 2000)
Apaseo el Grande ' _ 1,100
A g 17,300
Celaya ! - : 43,400
Villagran : 13,800
B - - 2,800
Salamanca - _ 48,500
c Co 36,100
Irépﬂato | 87,400
Silao ; 50,900
D | . | 2,300
E A 44,000
Leon ' 94,300
F | \ 2,400
Sn. Feco. del Rincon ‘ ' 500
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Table 7-5-2 Dimenswns of Station P!aza :
at Fach Station (A D.. 2000)

'(Uriit:‘ m’)

: Statiohl Dimenslons for Stbtion‘P]aza

Apaseo el Grande 500’51;000_ :

A 1,500 2,200

Celaya : 9,800~ 12,300
Qfllagrén ‘ 4,100“45;100

B . 900~ 1,000
Salamanca ; | 10,400 13, 000

C ' 3, 200'\;4 600 °
lrapuaté . ' 13,900+ 17,400 '

Silao ' 10,600 ~ 13,300 |

D 900 1,000

E 3,900 5,600

Leon 14,5004 18,100

F 90()%:1,006

Sn. Fco. del Rincon . 900~ 1,000

Note 1: Eqﬂation to calculate dipghsibns of station plaza

(Station Plaza Research Comnittea)

A Dlmen31ons of station plaza
x: Daily passengers’ (arrlvals and departures)

Station mainly for interurban passengers '
8.99/x + 0.217x < A < 11.22/% + 0.271x (where x < 30 000)
47.16/X < A < 58.90vx (where x > 30,000)

Station mainly for commuters ‘ .
0.0878x < A £ O, 128x (uhere x §=73,000)

Note 2'

The area of the station plaza is’ calculated by assumlng _
that stations A, B, C, D, E, and F are stations mainly
for commuters, whlle the other ones are assumed to be

. stations nalnly for Interurban passengérs.' In some

-stations, the calculated dlrén51ons are yery. small,
making it difficult to assure the regulred functtons.
Therefore, 900 n? to 1 000 n? is “adopted approx1nate
standard dirension of these station plazas.
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7-5-2 Required numbers of bus berths fn the statfon plaza

The standard station plaza consists of bus berths, taxi berths, driveways,
sidewalks, and landscape design space,

Each station plaza is planned by considering the space requirements of the

above facilitles, in addition to the peculiarities of - each plaza. Since

this report refers to the feasibility study of the' project, it does not

extend over the' discussion of a plan of the station plaza, However,

"required numbers of ' bus berths is cal¢ulated by means of the Elow chart of |
the next page (Fig. 7-5- 1) and the résults are used as reference data for
planning and constructing the station plaza im the future,

The talculatidn results‘are shown in Table 7-5- 4. The passenger traffic

at peak hour, which is the basis of calculation, is shown in Table 7-5-3.

Table 7-5-3 Arrivals and Departures of Railway Pas-
: "~ sengers for Fach Station (Peak Hour)

(Unit: Person)

Station & Passengers (A.D. ZOOOj'
Apasgo el Grande G0
A | 1,480
Celaya : ‘ 3,710
Villagran : 1,180
B ' 240
Salamanea 4,160
c o 3,090
Irapuato 3 _ 7,490
Silao 4,360
D ' _ _ 200
E | 3,770
Leon _ ‘ 8,070
F | : 200
Sn.' Fco. del Riuncon . - 40
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| Passengers for each statiqn
at peak hour ‘
[ N . ] ‘

- |Passengers from outsidel -
the station zone using
: the station -
{ e - e o F ]

Passengers of the‘station
zone using the station

%]

: Paésengets Passengers Passengers Passengers Passengers
having having . .| |having - having . hav1ng
access by | |access by ‘| |access onz access by §. access byI
car or taxi| |bus foot ‘ ‘{car or taxi
[N B _.1} .
H{Passengers Passcngers (*ﬁ) Passengers i Passengers by
! fhaving having having Imode of adcess
" t]access by access by access on i to the station
|{car or taxi] {bus 4 |foor ! at peak hour,
SR SR —————— . (*3)
(*3)

Standard unit
for planning’

Required
nuabers of
bus berths

Assuming 5% of passengers other than those having access to the
station on foot. -

The distribution of railway passengers in the statton Zone is in
prlncxple assuned to be the same as the population dzstrlbutlon.
It is assumed that 100Z of the passengers within a radlus of 900 n

from the station and 507 of ‘the passengers within 900 n to 1,500 =
have access to the station on foot.

The passengers hav1ng access by bicycle and motorcycle are neglected
because their number is presumed to be extremely small.
Buses are assumed to have access to the station plaza.

40 passengersfbus - :
Loading berth : 12 busés/berth « hour
Unloading bexth: - 30 buses/berth « hour °

Fig. 7-5-1 Fflow Chart for Calculation of the Required
Numbers of Bus Berths '
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Table 7-6-4 Required Numbers of Bus Berths
(For Railway Passengers)

Station Loading Berth Unloading Berth

Apaseco el Grande 1% a .

A 1 1
Célaya 3 2
Villagran : | 1
B - . P 1% :
Salamanca s 4 2.
c | 1
Irapuato - 3
Silao _ 4 2
D 1%

£ 2 1
lLeon | : 8 3
. A - 1 .

:Sn. Fco. del Rincon ! 1%

Note 1: ThéVfigures rarked "&" indicate berths for both loading and
unloading.

Note 2: Theé above figures refer only to the berths reeded to
serve railway passengers. Other users besides railway
passengérs, ia particular the increase of users on spe-
cial days {(market days and public holidays), shall be
‘considered in the actual plan of the statiom plaza.

7-6 Car Depot Construction Plan
7-6-1 Basic policy

The location of the car depot, which has a decisive influence on the opera-
tion and arrangement of the rolling stock and crew, is determined by the

following considerations.

{1) Ease t¢ tope:with théivafious foras of traansportation.

(2) Nearness to a place with a2 large discontlnuity in the traffic volure,

i.e;, envlrons 'of terminal or tura- -back p01nt.

(3) Neatness to the station in order to mininize deadheading loss.
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{4) Low construction cost’ |
(5) The car depot shall be fully equipped with fnspection and repalr facil-'

ities.

7-6-2 Car depot facilities

fhe car depot should be located at a placé with large dlséontinuity i@'the
volume of trafffc. The Silao station meets the above conditlons so" the car
depot is lodated on Lts south sidé. There, required Facilities can be

arranged in a rational and organic way in the small available area,

The track layout of the car depot is arranged to enable smooth and efficient

work. (Fig. 7-6-1)

The priancipal facilities of the cat'depot‘are shown in Tablé:?f6~l.

Table 7-6-1 List of Principa) Facilities of the Silao Car Depot

'Type¢)fFacility Track Name Quantity|  Remarks

To be constructed in var-
dous stages, according te
the increase of the nu=-
ber of rolling stock

Car storage and| . :
accormodation Accormodation track 8
facilities

Repular ianspection track 1 Othér tracks such as axle
: — ' repair and washing tracke

Inspection and Daily and regular in-

Te?air facil- spection track 1
ities
Paily inspectioer track 1
Beparture and arrival
inspection track 1
Workshop : - . _ ; ' .
facilities | Car body lifting track -2 Caf;body repair shop

S

Track repair, axle repair, and'electrical‘bafté‘repair shops

—
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Sewage
freatmont
plant

Fepafr shop for whoel
& dxles

Pepale shep of
Etectrical parts

C(-he ral
office

: . S M Car body
. : ‘ : - ] t _tepalr shop
: Accarastaticn traek | ] -
. . ! . Wachlag 1 - 1
/ N %/ __ Washing 2 .

. 3 - : _
7 M - kegular insgeceion
; A — A N / —_Daily inspection -
8 . < 5 / j( . Baily & rezulac inspection
: — ) - . : ¢
. \ : -~ 7 . L ‘ l\ 7
\ - M) 3 (rnrt-.hngt—"_
Crisding

shap

Accoondation track for déepardure and

] _ acrival cars (8 tcatk lines) + Crindirg & repulsr iassectivn t‘r‘_uL

—

Fig. 7-6-1 Si]ao Car Depot Plan
(Final stage of each case)

7-7 Eiegtrical:System Plaﬁ
7-7-1 Electrie power facilities
(1) Electrification plan

l)=Thé:éihgle-phase AC 60 Hzs AT (Autotfansfbrmer) feeding system is
adopted in this study because it is more economical than the DC
electrification systém. Furthermore, it is the wmost economical AC

electrification system For this project.

2) The feediné”voltége is 25 KV, which is the international staadard

voltage.
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(2)

Pover transmission network

The outliné:Of the power transmission network of the G.F.E, (Comision’

Federal de Electricidad) along the new railway is shown in Figt 7-71-1.

The power tfansmission network'operates 6n“threé different voltages,
115 KV, 230 KV, and 400 KY.
The 115 KV power transmission network éxtends:along,tﬁé whole rafluay

line. The 230 KV bbwer trénsmission system‘is:dqcatéd iﬁ‘the séctton

" batween the starting point and Iéon.'::The 400 XV power transmission

(3)

systea 1is located in the section between the starting ‘point ang

Salamanca. As the figure shows, this is a power source region.

Substation facilities

The outline of the power source and feeding systea is:showh in Fig,

- 7-7-2.

1) The substation facilities c¢onsist of the substations, thé sectioning

 post, and the AT posts.

2) The composition of the substation facilities is determined by the
following.

a) Transportation plan and load currents of trains

b) Short-circuit Capécity; unbalanced load ratio, and'boltagé-regu-

lation of the power transmission network of the C.F.E.
¢) Voltage drop of pover source system and feeding systeﬁiz

3) The receiving voltage at the substattons is 115 RV.

4) The transformer capacity of the substation is S$S; * 10 MVA and sS, =

15 MVA for main line feedlng and SS3 = 3 MVA for car depot.

5) The V-connection 'is adopted in the feedlng transformers.

6) The substations and the séctioning post are designcd for extended
feedlng.
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7) The seétionlng‘pOStzéarrléé out the sectioning of théife?dlhg'fYOR 2
substations. Howéver, when one of the substations becomes unable ¢4
feed electric power, the Subgtation fn question and Ehe sé6ti0n1ng
post are 'si.-itchcd to the extended system in order to '_feéd'power to
the whole system. In this case, train operation is subjcct to sone

restrlctidns.

8) The substation facilities are unattended, monftored and conttolled

at the Leon control center.

@ : . C.F.E substauc;\
@ - Substatmu

FARE

f]

Sectioning post

AT post

Sa. Fco.

— Apaseo el Grande
d21 Rincon o

Fig. 7-7-2 Power Source and Feeding System

(4) Caténary systen

The standard rounting of ‘the catéhary System‘bétween étations is shown
in Fig. ?_7_30

1) The heavy ‘sinple catenéky systen is adopted;_ by consldefing the
planred maximue speed of 130 km/h. The ﬁéésengérfwifé is a 135
s’ galvanlzed stranded steel wire and the contact u;re is a 1to

mm?, grooved, hard copper wlre._

2) Concrete poles are used to support the catenaty syétem.

3) The catenary systen is provided with an automatlc tension balancer,

in order to cope with teaperature variations.

4) An overhead ground wire iS‘p;OVided tb'protect'the feeder iine_and
the high voltage distribution line fo: signals from lightaing.
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Legend:
F: feeder
M: Hessenger vire
T: Contact wire
- o PR Protective wire
o S
< ~ GH: Ground vire
uy
HI: HMigh-volerage
distribution line
RL.
4 000
polk.
1

Fig. 7-7-3 Standard Mounting between Stations

{5) Lightiog and power facilities
1) The C.F.E. distribution ' line supplies power to the lighting and
- power systems of the station buildings.
2) A high-voltage distribution line for signals is provided.
a) Distribution facilities are provided in the substatiens and the
~ sectioning post. ' '
b) The 13.8 KV the C.F.E. distribution line supplies’ power to the
sectioning poSE. :
c) The distribution line voltage is single-phase 13.8 Kv.

'd) The siﬂQle—ttack‘ sections are provided with one circuit, the

fqoﬁble—tfack sections with two.
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(&)

Other requirements

This ' railway crosses or approachcs the C.F.E, transmlssion lines at
many places, as shown in Fig. 7-7-1. It is necessary to change the
voute or elevate the tténssissibh: Itnes that interfere with this

raiiway{: Therefore, it is necessary to carry out a careful study and

" to allow sufficient tice for this work.

7-7-2 Signaliﬁg system‘:

The

(N

(2)

composition of the signaling systen is shown in Fig;‘?-144.
Block device

1) An automattic block system is- provided in double track sections, to

assure the safely of train operation and shorten the running tice.
2) The tokenless block systen is provided in single track sections to
be convertéed to double track in future. '
Signal equipment

1) Color light type starting signals, home sigoals, and block ‘signals

are provided.

- 2) The shuntlng signals within station yards are position iight types.

™

(4)

(5)

3) Route indicators are provided as required.

Interlocking device

Relay interlocking devices are provided to assure train and yardzdpera*

tion safety and to improve the work efficiency.
Switch machine

Electric switch machines aré provided because they make possible a
prompt switch and check of their perfornance and operation safety
through electricaliy interlocking with the related signals.

Track éircuit

1) High-power B¢ track clrcuits are provided in the station yard.

2) 80 Hz Ac coded track CitL“itS are provided between the stations.
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(6)

(7)

(8)

(%)

Automatic Train Stop System (ATS)
Each signal is provided with ATS, which stops the trala by automatically
operating the brake 1f the train crew misihferprets or ﬂisregerds the

stop iadication of signal,

Centralized Traffie Control Syétem (CTC)

1) The whole line is;pi’ovided ‘with CIC, which uniffes the train dis- ;
patchiﬁg aperation, blocking operation, and train-route setting

"operation by centralized control through its network._

2) The central eguipment is: located in the Leon control eentet and
local equipment is provided in each station. :

Grade crossing safety device

1) Ordinary crossxngs aré provided with grade cr0351ng signals that are
controlled automatically according . to the train movements. Grade
crossing gates are added for grade crossiags with large traffie

volume,

2) Marning devices for train crews are provided, to cope with unexpected

troubles (e.g. car trouble on the cr0551ng)

Cable lines

Multi-core corrugated cables are provided, in consideration of the con-

centration of equiprment installation and inductive interference.

(Refer to Appendix 7 3 for the configuration of the signaling system for the

whole railway lines.)

7-7- 3 Telecomnunication facilities

The telecomzunication system‘is sumnarized iﬁ'Fig. 7-7-5.

(1)

Telecousgunication system

1) Underground cable and radio. equipment are provi&éd for eommunication

transmission and the CIC cireuit has _the duplicate system. .

2) Dispatching telephone circuits of various kinds ate provided to

exchange inforeation required to operate the trains.
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(2

3) Exclusive tclephone circuits of various klnds ‘are provided for Lraln

opcration, maintenance of track systems, electtic power systems, and

SIgnaling and telecommunication systems.

4) Loudspeaker telephonc systems for passenger guidance are provided in

cach station -and talk ~back equipment is provided for communication
between yardmen in matn station yards,

'5) The cehtral"dfflée iS“located in Leon and automatic teiébhone

exchanges are provlded in lts adeinistrative office and also in the
'workshop and car depot at Silao.

6) Heaﬂs to alleviate inductive disturbances in the telecommunications:

facilities along the raiiway are considered.

Telephone system'

5 1) Diépétéhing circuits for train operation, track maintenance, eleétric

(3

(%)

(5)

‘ power,'and signaling and telecommunication systems are provided be-
tveen the dispatching center and each station, maintenance dlstrlct

“and substation.

2) Exclusive circuits for train operation, track maintenance, electric
power, aad signaling and telecormunication systems are provided be-
tween each station and between the dispatching center and each main-

tenance district.

Facsimile systea

The céntral facsimile equipment is iastalled at the dispatching center

and receiver sets are provided at the main stations.

Radio equipment

- UHR radid;stationsiare provided in all sections of the railway to com-

bbse télephone, CTC, sﬁbstation control, and facsimile eircuits together

with the telecommunication cabiéé,

Telécomzunication cable

Aluainum'sheéthéd'cablés are provided in all sections of the vailway

:bccaUSe of its AC electrification system. These cables accommodate the

various telecosmunication cireuits together with the radio equipment,

 (Sce Appendlx 7- e [or the composition diagram of the telecoamunlcation sys—

tem for the whole rativay lines.)
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CONSTRUCTION SCHEDULE AND
' INVESTMENT SCALE

| CHAPTERB |






8-1

The

and

8-2

(1

- (2)

(3) 7

CHAPTER 8 CONSTRUCTION SCHEOULE AND INVESTHENT SCALE

Coﬁstiudtibn Schedule

construction schedule for each case ls shown in Tablcs 8-1-1, 8-1-2,
8-1- 3.

Investment Scale

8-2-1 Pfééonditions for cbmputing the construction cost

The construction cost was computed as of April 1983, Price increases
have not been lncluded.

As_ much as' possible, machines and méterlals ‘to be used should be

_dbtéined in Mexico. However, all rolling stack and rails (excluding the

tﬂrnoﬁts, etc.).'TO percent of the electric equipzent, and 40 percent

:of Lhe inspection and repair machinery (at workshop) are assiumed to be

tmported.

The consttuction ‘cost 'is divided into a douestlc and foreign currency

'.portion.§

(4)

8-2-

8-2

Bxchange'tate: 1 US dollar = 111,95 Pesos (control rate)

2" Investaent scale

Investment seéales for each case are shown in Tables 8-2-1, 8-2-2, and
-3. |

- 125 -



Table 8-1-1 Case | Cohstfdctidn;§Chedﬁ]e

——

vear | Stage 1 | Stage 2 ; Stégc 3
f . : .. ) ’ | . . ' L : B
Activity '84185 |86 |87|88)89]190191[92]93)941957196|97]98]4¢;
: - : . ; w_'r.;.__-______.‘
Surveyiug and |- ' = . . 3 .
design ' : '
Land acquisi-
tion
Civil i
engineering 4 -+ "
work :
Stafi?n . N
facrlaty
Car depot and ' I 5_;.
workshop
Track : - ~+ [ R o L
Electrical . A | » | i
work ‘ ? o H 1 et
Salamanca - Silao - [f] | Apaseo EI‘Grandé-;. Apasco el Grande -
Remarks ' Salamanca | Silao _
[F] — Sn. Feo. del | [F] ~ Sn. Fco. de}
Rincon ‘ | Rincon

o= 126 -



Table 8-1-2 Case 2 Construction Schedyle

Stagé 1

Stagb‘Z

Stage

3

*g4| 85 86 [ 87| 88

89| 90

91

92

93

94

95| 96 | 97

98

99

Surveying and
design '

Land acquisi

tion o

civil .
engineering
work - -

Stétidn_
facility

Car depot and
workshop -

Track

Electrical
work

-~

.

Remarks

Salamdnga - Sitlao -

(¥}

IA] - Salamanca

“[A} - Sitao
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Table 8-1-3 Case 3 Construction” Schedule

S

tage 2

_Stage 3

Year L - : 2 B : . I
ST ‘ | 87 8919091192193 94|95{95]97]9s
Activiey 84 85 8@ 871831 89 .9 . _ . : 2;~99

: —_— B
Surveying and | | ] ——
design
Land acquisi- , iy ;
‘tion ]
Civil :
engineering 1 -t
waork .
Station ' ;
facilicy
Car depot and .
workshop ‘
Trac'é( -1 1,
Electrical . i ; L,
work -

Apaseo el Grande _ Silao _ (7] a:Sn. Fco. Apaseo el Crande -
Remarks del Rincon Sitao

| (F1 - sa. Feo. del

Rincon
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Table 8-2-1 Scale of Investment (Case 1)

' (Uelt: MNillion Pesos)

. !nvestmént ‘Staﬁe 1 Stage 2 | Stage 3. " Total
__ 1984 - 1990 .- | 1995 - Foreiga Docestic | — Remarks
ACtiIVItY . ]9_82_ . 1994 ) 1999 | Cureency Curreacy Subtot_al
1. Civil englazer- : '
© ing aad teack.
construction
VOTKS
Road bed 1,860 | 1,119 702 ¢ 3,681 3,681
gridges 2,094 1,626 | 1,765 | 6 | 3,385 | 5.3 [Including
: _ : . ST | viaducks
Track 3,532 1,924 | 3,143 | 1,909 | 6.690 | 8,589
Subtotal ‘1,486 | 4,529 | s,610 | 1,909 | 15,716 | 12,625
2. Eigctric power
facll‘tles
Substation 81 . ‘ : .
fFactlities % 333 506 810 1,007 - 1,817
" Catehary facil- - : : .
fties 13 520 927 | 1,091 | 1,258 | 2,485
Lighting 2ud .
pover facilitics 827 343 @ | o 1,651 1,651
Subtotal 2,661 { 1,398 1,914 2,067 3,906 5,973
3, signaling & ' '
Telééoammica- :
3 work
Sigraling 856 6 899 . | 1,08 593 1,671 .
systea . : -
T?leéoaaunica4 1;000 889 0 1,307 582 1,839
tion systea e
Sebtotal 1,856 ° 1,205 599 2,385 1,175 3,560
Including passen-
. ger platfores,
. Statfon : e ; overhead bridges,
facilfties 602 220 0 0 822 822‘ passenger plat-
Fora sheds, and
managezent of fice
; - ' . Ir_!-tiéding _},aﬁd.i
5. Car depot and 2,849 909 0 1,068 | 2,310 3,358 | track, buildings,
workshop - : . and electvical
. : facilitfes
6. Land and housé :
cospensat ton 893 362 88 0 1,343 1,343
1. Rolling stock 5,878 | 2,628 | 6,310 | 10,657 | 3,369 {13,816
Total 30,825 | 1,251 | 15,821 | 12,856 | 28,681 | 45,407
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Table 8-2-2 Séé'le of -l'nvestn‘zeni-“((:asé}

2)."
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. (Unft: Million Pesos)
favestment | Stage 1 ‘Stage 2 Stage 3 5 © Total _ '
: 1985 - - 11990 - 1995 - Foreign |Dooestic’ Subtﬁt;;ﬁ : Remarks
Acrivity - 1989 1994 1999 | Currency | currency | 797 -
. - - . - e ———]
1. Civil engineer~ '
ing and track
construction
works ) :
Koad bed 1,866 | 1719 584 o | 3203 | 3,223 .
e o : : aps | Includin
Bridges 2,094 1,467 1,743 _9 3,30% . 5’304__ ilaﬁuctsg
Track 13,532 | 1,427 2,637 1,689 .| 5,907 -1 2,596
Subtotal .48 | 3,673 | a,964 | 1,689 | aaa36 | 16,123
2, Electric power
facilities o ‘
Substation ' . O 3 aae
14 48 852
facilitfies 835 3 S_ : i 983‘ 1.835.
Catenary facil- 998 167 165 [ 1,086 | 1,083 | 2,129
ities T - T
Lighting and o ‘ ) ol B :
pover Faetlitios 827 22 . 399 0 | 1468 | 1,468
Subtotal 2,661 1,023 | 1,688 | 1,898 3,53 | 5,832
- n — - —
3. Sigonaling & )
telecommunica-
Ction work
Signaling 698 | am 159 890 s98 | 1,388
systea :
Telecormunica- - - L .
tion systea 1,1.47 651 0 5246 552 1,793
Subtotal 1,845 1,142 199 2,13% 1,050 |: 3,186
Idclﬁd.(ing passean-
4. Station . . - | gex platforss, |
. ; o ) " ] overhead bridges
facilities 91 181 0 0 ‘ 772 1?2. paSéehéer.platé’
fore sheds, and
I wanage=zent office
5. Car deport and N : Tactuding land,’
. e n R . . : Aok
2,849 909 0 3 ‘ : ! track; buildings,
workshop 1033 2,310 3,358 and electrical
. faqillties
6. Eiod and house i ‘ . L
" compedsation 893 264 62 0 1,219 1,219
7. Rolling stock | 4,878 2,252 5,995 29,_925 32000 § 13,125
Total 20,803 9,544 12,:8@ 1'6.696E 26,5.'19 ':43, 21%;



fdble 8-2-3 Scale Qf Inveéstment {Case 3)'

Investaent

'St?ge:l

(Uait: Millfon Pesos)

Total

—

Staget3‘ ! FJotal
: ‘ 198% - . | 1995 - |Forefgn | Domestid - Remarks
_f‘tiV1ty s 1994 1999 | Currency | Currency Subtotal
t. Ciyii qu!neef4
ing and track
‘constructfon
works _
2oad bed 2,979 702 o | 3,68 | 3681
Bridges 3,580 1,763 0 5,365 | 5,385 | Including viaducts
Teack - 5,056 | 3,143 | 1,909 | 6,600 | 2599
. Subtotal 12,015 | s,610 [ 1,900 | 15,26 | 17,625
Z.ZEle§tii¢ power. '
facilitfes i
Substation - - o
ot pees 1,371 506 810 | 1,007 | 1,817
ﬁiiiia" facit-1 1,518 927 | 1,197 | 1,248 | 2,445
" Lightiag and - o : . .
pover facilities| 1.170 683 0 1,651 | 1,651
Subtotal 6,059 | 1,915 | 2,067 | 3,006 | s5.973
3__Sigﬁaling &
‘telecomunica-
tioa work
Signaling 1,172 499 1,078 593 | 1,671
systea | . ) f
1 Tel fea- | y N
tlon syoten | 1,889 ° o | 1,307 ss2 | 1,389
Svbtotal 3,061 : 499 | 2,385 | 1,5 | 3,560
. . | Inciuding passenger plat-
4. Station ‘ ) : ; fores, overhead biidges,
facilities 822 0 0 822 822 passenger platfora sheds,
: and =anagerent office
: » R . : Including 1$ﬁd, track,
5. c?‘kd;§°‘ aad 3,358 0 1,048 2,310 3,358 |bulldings, and electrical
works P. . : : facilities
6. Land and house | 4 o 88 o | 1,383 1,143
compensation ‘
1. Rolling stock [ 7,506 | 'é.310 | 10,447 3,369 | 13,316
32,076 | 15,421 | 17,856 |} 28,581 | 46,50
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CHAPTER 'O ECONOMIC AMALYSIS

_941 Mcthcd of BcOncmic‘Aﬁalysis
.9‘141 Witﬁ]ﬂithddt anélysis

This analysis shall be ¢conducted by comparing the case in which the project
is implemented (Hith the Projéct) and the case in which the project is not
implemented (Hithout the Project)r In other words, the costs which would
be incurred in'the case of "Hithout the Project™ shall be deemed to be saved
by'imblcmeﬁting the project and shh}l be dedu¢ted from the project cost.
In a sinilar way, the benefits shall be computed for the two cases and the
difference bctkeén them shall be determined. It follows that, unless the
benefits in the case ‘of "With the Project” are larget than those in the case

of "Hithout the Project,” then project implementation shousld be rééon-
sidered. '

In'the cése 6f-”Hithout the Project,” the future traffic denand would con-
tinue to be handled on highways.  Generally, the costs include road expan-
. sion, rohd}mainteﬂance, investment in road vehicles and vehicle maintenance

Eor'the increasing-traffic.

As for roads, ho#cver,‘there are already plans to expand the present four—
lane (two-lane on each side) highway between Apaseo el Grande and Irapuvato
to six lanes ‘and the preseat two-lane (one- ~lahe on each side) highway be-
tween Irapuato and Leon to four lanes. These highways are expected to deal
‘with the iﬁCIeasihg tréffic up to the year 1995 or 2000. Therefore, in this
analycié,rthe'césts%for rcads and bus-terainals heccssary after the year
1995 haﬁc Bécn estimated and'counted as costs for "Without the Project.”

To be more specific,‘it is assumed that ‘the traffic will be saturated by
'1995 between Silao and Leon, aod by 2000 between Irapuato and Silao, and
that’ it will be necessary to construct additional road facilities by the

above years in respective districts,

The number of road vehicles (buses) to be purchased was’ calculated by divid—
_ing the paSSéngcr kilometers (number ‘of passengers x travelllng distance)
Obtained from ‘demand forecast by the mean number of passengers (25 persons)
per bus, and then dividing this quotient (vehicle ki10metera) by the annual
zean ttavelling distance {70,000 ka) per bus.
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9-1-2 Alternatives for "With the Project”

The altérnatives for “Hith the Profect” are the three cases discussed earli-~
er in Chapter 4 'Altcrnatives.' In this Report, those three cases’ are ana-
lyzed and compared. As was mentioned earlier, the route shall be fixed, ang

the motive power shall be electricity.

9-1-3 . Evaluatloh indfces

The differences in invcstments, maintenance and operation costs,’and bene~
fits shall be coaputed between “With the Project“ and “Without the Project

for each year, and are seen as Net Flow. An Economic Internal Rate of Re-
turn (EIRR)* is calculated ¢én this Net Flow to be vsed as one of the bases

for the evaluation.

30 _ e
*2 0 =E Net Flow i/{} + EIRR)_
i=1 . i

This index is aa overall parameter vhich uses economlc prices for evaluating
the following items.

(I) Investment éost, operating cost, maintenance cost

(2} Land acquisition cost

(3) Benefits to iailway users (tiae*sa#ings)

2-1-4 Presuppositions
(1) Exchange rate
¥237.15 = 1.00 US Dollar = 1&8 65 Pesos (Rates as of April 29, 1983)

The Mexican Peso has two exchange tates, “the controlled rate and the
free rate. For imported goods, the foreer is applied. However, in an
economic analysis, the prevailing rate' {is normally used ana thus the -

free rate has béen used for atl the piices in this aaalysis,
(2) Useful 1ife and refavestoent

As Eaintenance rates and useful lives of railway assets are not avail-

able in Hexlco, the figures used by Japanese Hational Railuays have been
applled. Details are shown in Table 9 1-1.
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Table 9-1-1 HMaintenance Rates and Useful Lives of Railway ASSeﬂ;=

R

Items | ' Assets Description. | Haintenance { Useful | iype of |
- ' . e .| Rate | Life " Asscts
Foundptiéns 0.0004 57 Depreci-
: P S T able asscls
‘ Elevated track structure L 0.0027 T 50 on
CIVIY | bratfor - .
engi-) Pla:tlf()r.ms. . 0.0041 32 . ‘ ir
ncer— Overbridges_ 0.0051 32 "
ing My g E i mst oy ; ‘ :
vork - St?ﬁl?n bu11d;ngs {rC) : 0.0067 45 "o
Buildings (RC) o 0.0057 45 "
Tracks 0.15 25 ERépl_ace*
: able assets
Giade crossihg’saféi? : ' I - - .—
g Srops 0.0292 30 | Deprect
. =q LpEy ) ‘ able assets
Signals Signal equipment 1 0.0210 20 "
izge_ “Felecommunication equipment 0.0312 20 L
cormu~ Signal lines ‘ 1 0.035 - 35 Replace-
nica~ able assels
t1on | Comrunication lines - 0.12 35 Lo
Traék circuits o 0.035 : 19 "
Transforwer’ cquipment 0.0008 30 Depreci-'_—
| ' ‘ _ able assets
Elec- | Buildings for substations 0.0057 &5 "
trie _ ' : :
I - N ) Replace-
equip _ P
cont || Overﬁead contac§ wires 0.03 .45 ahle assets
‘| Electrical distribution wires ' ‘ “
(1ight;'e1ectric power} 0.15 30 o
Hachineky at workshop 0.05 30 Depreci~
K ii" ' : - able assets
oliing et A . _ '
stock Electrie car | 0.035 20 | "
- | Machinery at depot 0.05 _ 30 on

Note:"Depreciable assets are those assets of which the values are annually
. deprcc1ated and for which relnvestment is nade after the completion
: o[ the useful li[e.

Replaceable asscts ave those assets which are partlaliy replaced _
annually at a predetermined rate, so that the assets are continually
renewed,
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(3)

W

(5)

Inflation
InflatiOn was not considered for the following reaSOns.

1) It is impossible to forecast the rate of 1nf1ation ovey 30 years, and
an incorrect foreeast could substantially blas the economie evalua-

tion,

'2) Inflation will be correlated with investient, cost and benéffts,

Traffic volume to be diVetted to the New Réflﬁay

It has been assumed as a result of the deland forecast discussed eardi-

er, that the traffic will be diverted only fron buses, uhich are now the

~only public transportatlon facility available.

Pricing date

Prices as of April 1983, the investigatioa périod, have been dsed'in
this study. . '

9-2 Econonic Cost Estimation

g-2-1 Investment cost {Construction cost)

Eeonomlc costs haVe been estimated by adjusting the financiai costs in the

:followlng manner,

)

Tax adjustment

1) Foreign currency portion

Import-duties and value added taxes (IVA 15%) sere excluded. :
Although these taxes are related to the foreign currency portion,

they should be classified as domestic currency portion.
2) Pomestic currency portion (Haterléls and equipment cost)

LVA were excluded. The tonstruction cost naturally includes a Cer—
tain amount of taxable profit for the contractors. Howevet, since
- it is difficult to estipate the awount. of profit fbr the contractors,

corporate income taxes were not considered in this analysis.
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2)

:3) DoméStié'curréncy portion (LabOr'cosf)

It was assumed that the average monthly wage of the workers for this
i project would be approximately 18,000 Pesos. The personal incone tax
of 2 percent and IVA were excluded, with 1 perceat of the personal

fncome tax bglng'the so-called one percent tax,

kéihvéétm@nt and édditl6nal'ihvestmen;

‘It was assumed that reinvestment’ in the same amount shall be made for

"all the assets after the completion of the useful lives, as descrlbed'

’ ect

1n Table 9- l l. This provides a common basis for both “With the Proj-
“'and “Hithout the Project cases. As the statfon builtdings, sta-
tion plazas, platforus, electric cars, electric car depots, and electri—

cal equipment are designed to cope with the traffic demand in the year

. 2000, they were assumed to be additionally invested in accordance with

(3)

Eincreases in traffic,volume after the said year.

Residual value

The project iife of 30 years is for ahalysis_on1y¢ The railway facili-

ties will actually continue to opetate beyon&'that time. Therefore, the

EQ‘resxdual values of assets have been counted as minus costs ia the final

(4)

year of the pro;ect life,

Fconomie value of land

Instead of the actual acquisition coét‘(fipancial cost) the assessed
value for taxation was used. As the assessed value is determined by
the productivity of the land, it should reasonably reflect land value

in terms of the national economy.

The economic investment costs estimated by the procedures so far mentioned

are

summarized in Table 9-2-1.
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Table §~2-I Summary of Economic Vaiues of Investment ‘Cost
(Unit: Hillion Pesos)

withf ~ with Project | Without Project
Without ' - o B S e
Case 1 | Case 2 JCase 3 | Case 1 | Case 2 | Case 3

Stage 1 (1984 1989) | 19,240 | 19,228 L_z;a?a el e ol

Con-—

struc- -Stage 2 (1990m 199&) 11,200 | 9,658 | 26,691 | 4’32? 4,321 | 1,182
t1on : . e . ‘! . - L .
=§ost : Stage 3 (1995 1999) 14,207 | 12,744 | 14,982 | 5,161 | 4,667 | 7,706
stage Additional invest— : ‘ :

- went (2000*»201317

13,176 [ 11,916 | 6,902'| 13,569 | 13,566 | 11,367

Electric power L o e Y

o tien 16,333 5,817} 6,333 i o :0 0
Signals and telecon— 5,024 4,77 3,329 o 0 0
_ munication SRR L SNCNT) SN B
Con- | Civil engincering 17,548 | 16,127 { 17,548 | 3,478 | 3,060 | 3,478
strue- Lork i SEEEN-— - — R KR '
tion | Land acquisition 885 813 sas| 623 s70 623
cost and compeasation . . : . | S B
by Eléctric cars 22,950 } 20,922 | 18,542F - ol ¢ o
kind . A ‘ : : SN L
Buses . 3,687 |~ 3,700 | 3,016 | 18,956 | 18,950 | 16,754
Hachinery at the . . L iy E ENTI TR B —
| car depot | 6396 | 1,396 | 1,39 | 0 0 0
Total investment 57,823 | 53,546 | 51,549 | 23,057 [ 22,560 | 20,855

Note: Figures include reiunvestment of each item but exclude résidual values.

9-2-2 Haintenance and operation cost difference
‘Maintenancé and operation cost difference wasféaléulatéﬂ between *ﬂith the
Project™ and "Without the Project.” The COSts f0r Hithout the Project”

include maintenance and operation costs’ for only ‘the buses. Private cars

were not considered.

(1) Maintenance costs

lhe uaintenance and replacement costs of railway assets were estimated

using the method adopted by Japanese National Railways (Refer to Table
9-1-1 for maintenance cost ratio by assets)

. The calculation method is as follows.
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';l) Haintenance cost of depreciable assets

(2)

Haintenance ratio x orlginal investment value of depreciable asscts
2) Haintenance cost of replaceable assets
= (l 17 x 0, 95/useful 1ife) x maintenance ratio x total of replace—
ablé assets
3)'Réplabement cost of réplaceable assets

= (1,17 x 0.95/n§ef01:1ife) x totel Of replaceable assets

The maintenance costs o[ buses were based on the data supplied by -

Hexico. According to’ this data, the annval ‘waintenande cost pexr bus

(econdmic vaiue) is apprdximately 1,114,000 Pesos (1ife — 20 yeats).

’(The market price was converted into the econOmic prxce by considering

the estimated ratio betweén economic and market prices of the vehlcle

itself )
Tﬁe roed maintenance ¢osts were obtained by applying the malntenance
tatio (0 008) as estimated by Japanese examples.

OperétiOn costs

;Labor costs and motive power costs were calculated for both the railway

and for buses, Details aré shown in Table 9-2-2,

Table 9-2-2 COmparison of Uper;ting Costs between the Railway and Buses

Rallvay : Bus )
Job claS-'Vugber Average An- | Job Clas- [Nusber | Average An-
siffca~ f Fa- | cual Wage : §sifica-~ of Ea-{ nual Wage
tica ployees| {Pesos) tion ployees] (Pesos)

: Class A 861,000 | Drives 770,000
Labor Class B | *1 578,000  { Cooducvor | 22 368,000
cost | - N , : :‘

e Class ¢ . 368,000 { Others | 476,000
Eiecttichﬁowe: L Diesel consump~ )
‘¢consuaptida per - 2.03 kvh tion per vehicle 0.25 1
vehicle ko L : L _

Kotive | Econcolé cost .- | Eeoncarié cost of A3

power | of electric 1,28 Pesos 1;litet of $.6 Pesot

cost | pover per kih ! - fdiesel oil

. Eceﬂopié!éoét of Econcaic cost of -
electric pover per’ 2.60 Pesos | diesel oi} per 1.4 Pecos
vehicle ¥n . vebicle ka

*1i [ Réfer to nppendii for aumbers of railway personnel.

£2: 1¢ was assumed that 1.8 dtivers, 1.8 conductors and 1.0 other
stéff are needed per bus.

3 :51tty perceat of the cost was considered as tax and was ex—
' cluded froo the market pride.
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9;jh Benefits : :

The‘benefits to the public brought bi'thié’prbject were quantified ‘as the
difference between "With ‘the Project” and "Hithout 'the Project.f -Speedfy-
.'cally the tice saved by passengers and the feduction in the transportatlon
cost were consideréd. There will be other benefits in addition to these,
such as fncreased comfort and convenicnce, and also the. effects of ‘urban
development, etec., but since these are difficult to quantify. they were not

counted.
9-3-1 Tige saving benefit
Passengers who use the néw. railway instead of buses can enjoy a reduced

travel time.

This time saving benefit by railway passengers can be obtained by the fol~

lowing equation.

1

: Total passengef»hours" - Total passenger—hours Tiﬁé Galue
Savings‘4 per year in the case of - . per year in the case | x of! railway_
" passéngers

"Without the Pro;ect" of "With the Project‘

Based on the earlier stated traffic demand forecast, passenger hours ave
obtalned by multiplying the number of passengers of the railway or buses by
the travelling tice, However, the passenger—hours for "With' the Project

include the time necessary for access’ transportation to the railway station

and for transfers.

Table 9-3-1 Comparison of Passenger-hours

‘(Ueit: Hillioﬁlyéerr

Case Hitheet :;; With Prbjecp
Year | Project Case 1 F;;sé'é .6ése-3
1990 | s6.5 | se.6 ] s6.6 : :
__—%I;;;f_;ﬁ_i'94.9 91.6 | 917 j9'1';55‘.
2000 16b;377 8.0 148.1 | 14800,
2010 '331.5 | 300.0 '369;1 509.qr
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The time value was estimated at 110 Pesos per hovr (after iacome tax adjust—
wents). - This is bascd én the average income of the people engaged in com-
nercial or 1ndustria1 activities fn ‘the project area (about . two and half

times the olniaun wages). Those people are assumed to form the majority of
railway passengers. '

Alsb, it was supposed that the’ time value would 1ncrease in propOrtion to
the increase of GDP per capita of the State of Guanajuato, whlch was fore-
‘casted according to the data submitted by the State Covernment,

9- 3—2 Savings in maintenance and operatlon Costs

If the maintenance and operation costs for “Hithout thc Project” exceed the
costs | fori ‘With the Project,™ the differeace can be calculated sas ainus
c6sts and thus can be viewed as a benefit..

9-4 Evaiuation

The contents of evaluating indices were mentioned in 9-1- 3. The EIRRs of

this- project calculated by’ the before~mentioned process, are shown in Table
9-4-1. ' |

Table 9-4-1 Comparison of FIRR (%)

Case 1 [ Case 2 | Case 3

EIRR | 10.0 | 10.5 | 11.5

As can be seen fr0m the above table, the EIRRs of thxs project can be re-
garded té be reasonable, Since even the EIRR of Case 1, the lowest among the .
‘three cases, equals the 1nternationally acceptabdble level of 10 perceant. The
EIRR of each c¢ase gradually increases from Case 1 to Case 3, mainly because
thé capital costs gradnally decrease as shﬁwn in Table 9-2-1. Concérning
the differences of capital costs, 1n1tial investment for Case 2 anaturally
decreases due to the shorter length of railway lice., In Case 3, however,
the construction section and the type of construction are the same: as those
in Case 1, thus there is no difference in initial 1nvestment between Case 1

- and Case 3. The difference in total construction costs between Case 1 and
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