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Chapter 11
Rehabilitation Implementation Plan

11 -~ 1 Basis for Construction Cost Estimates

(1) Market prices, wages, and currency conversion rates are based on those as of August 1996.
Conversion rates at that time were as shown below,

1 US$ = 550 Tugrik = 110 Japanese Yen

(2) Matcrials and equipment that were not expected to be available in Mongolia were assumed
to be imported from overseas countries. '

(3) Work involving new technotogies that Mongolian engineers may not be farhiliar with were
assumed to be carried out under the technical advice of foreign engineers.

{(4) Construction cost estimates consist of the following cost items.
a. Direct costs (materials and labor), temporary work, and equipment depreciation,
b. Taxes and duties.
¢. Indirect costs. .
d. Contingencies (10% of a)). _
e. General administration cost (10 to 16% for different trades) including supervision costs.
f. Engineering fee (construction management cost included 10% of a) and design cost

included 5.6% of a))

{5) Setling of Unit Prices
Unit prices for labor cost and equipment depreciation were determined based on the
results of a field investigation (see Appendix 11-1-1, Labor Cost and Equipment Cost).
The unit prices for materials and equipment that are not available on the local market have

been established in reference to market prices in Japan.

11 .2 Implementation Plan
{1) Construction Policy
Construction will be carried out in three phases, depending on urgency and imporlance.
The phase I project will be carried out from 1998 to 2004, phase I1 from 2005 to 2009, and
phase 111 from 2010 to 2019.
1) River Bank Protection
As the clearance between the river and the railway can become dangerously narrow when

the river erodes the bank, revetment improvement work for locations where (rain
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operations could be affected will be completed by 2004, together with the rail line
rerouling in the vicinity of km 31, Revetment improvement work for areas where erosion
does not threaten the railway, or is not so significant, will be carried out after 2005. Flood
control work for controlling the mcandering flow of rivers will be carried after 2005,
based on detailed surveys of river conditions. Realignment of water channels of rivers
with significant meanders will be carricd out after 2010, following surveys of upstrcam
and downstream arcas of the water channcl. These surveys will include surveys of
environmental conditions.

2} Stope Stability
Cut slopes are progressing the weathering, and there is limited space between the toes of
slopes and the raitway. Removal of loose rocks in locations where rocks could fall anto
the railway will be completed by 2004. Work schedule for all other areas will be
determined based on continuous observations of slopes.

3) Track Lifting
Raising of the roadbed in areas subject 1o significant flooding will be prdvided where
required, based on reports of flooding, and will be accomplished in conjunction with
flood control work. This construction work will be performed after 2010.

4) Bridge Rehabilitation
Reconslruction and repairs to concrete bridges shown to be undersized, damaged, or with
other significant defects, will be completed by 2004. Repair schedule for all other bridges
witl be determined based on the observation of defects.

5) Drain Improvement
Those locations damaged by past water flows (locations lacking drainage facilitics and
locations where existing drainage facitities are inadequate) will b-e: improved as
necessary, by 2004. All other locations will be taken care of after 2005, and will be
provided with box culverts, taking into consideration the shortage of water conveyance
capacity and the local flooding conditions.

6) Misceltancous Work
For the provision of double-tracked rail lines, alteration of curves, and relocation of rail
lines; data gathering and field surveys will be performed as necessary in response to
changes in transportation volume. Methods, effects, and times of construction will be
considered depending on when construction is to be performed., These are not

incorporated in this pan as they are not expected to be completed by 2019.
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(2) Construction Phases
Construction will be performed in phases, ranked by the type of work, based on the
evaluation made on the following factors (sec Appendixes 11-2-1, 11-2-2, and 11-2-3,
Evaluation of Works).
1) River Bank Protection
a, Bxisting river conditions
b. Repairs to revetments made by MR in the past
c. Erosion occurring on river banks
d. Safety and reliability expected in the future
2) Bridge Rehabititation
a. Existing condition of main girders
b. Existing condition of concrete slabs
c. Bxisting condition of substructures
d. Life expectancy
¢. Existing serviceability
3) Drain Improvement
a. Water conveyance capacity based on data of USU ERDENE
b. Vertical clearance and width of existing structures

c. Existing field conditions determined by field inspections

11-3 Capital Reguirements and Timing

Required amount of invesiment is estimated to reach US$26,230,000. Investment will
be made in three phases. In the 1% stage, the amount of investment is estimated as US$ 12,397
thousands and works will be finished by 2004. In the 2™ stage, it is estimated as US$ 3,293
thousands, by 2009. In the 3% stage, it is estimated as US$ 10,540 thousands, by 2019. The
amount of investment and investment time schedule are shown in Table 11-3-1 and Figure 11-
3-1.

Construction workload and estimated construction costs for each section, based on the

rchabilitation implementation plan, are as shown in Table 11-3-2.

11-3



Table 11-3-1

Investment Cost of Fach Construction Stage

{Unit : 1,00005$)

: Stage Stage 1 Stage 2 Stage 3 Total Stage
Descripion —~___ | Local| Foreign| Total | Locat| Foreign| Total] Locat| Forelgn| Yotal | Local] Foreiga] Total
Revelment 419 628| 1,047] 148 2231 371 54 81 135]. 621 932| 1,653
Cut-off 0 0 ¢ 0 0 ol 371 1,812| 1,845] 37| 1,812 1,848
Groyne 0 0 0] 365 548} S13] 274 411 .685] 639 959| 1,598
Track realignment 263] 2,661 2,924 0 0 0 0 0 o] 253 2661 2,924
Slope stability 3¢ 340 370 i1 126] 137 2 28 30 43 4941 = 537
Track kfting 0|l o 0 0 0 0] 154] 1,765f 1,919] 154 1,765} 1,919
Bridge rehabilitation 158 834 792 0 0 0 I . 14 i7] - 161 648] 809
grain improvgment 578 1,073]| 1,651 217 403] 620] 785| 1,459] 2,244]1,580] 2935] 4515

khu-baatar drain : -
improvement 82 245 327 1] 0 0 0 0 0 82 2451 327
Canal widening 17 a7 114 0 0 ol o] o Q17 97 114
Direct cost of civil work] 1,547 5.678] 7,225F 74i| 1.300]2,041] 1,309] 5,570| 6,879]3,567] 12,548]16,145
Indirect cosl 231 925 1,156 82 122] 204 418 640 688] 361| ' 1,687| 2,048
Physical contingency 168 670; 833] 90 134F 224 53 704 757] 31| 1,508| 1,819|
Engineerin services 168] 1,541 1,709 90 369] 459 80 719] '799J 338 2,629 2,967

Total 567] 3,138| 3,703) =262 626] 8871 181] 2063] 2,244]1,010] 5,824] 6,834
Tax & Duties 1,468 0] 1,469 365 0] 365]1,417 0| 1,417]3,251 0] 3,251

Ground total 3583 8,814]12,397]1,368] 1,925]3,293[2,907} 7,633]10,5408 7, 858] 18,372{26,230
Cosrusion Sa S Sapp2 Sagpd ‘

Year 1999 A00; A0LE A2 200 A5 ars A0ei i Al are] 0t n i 4 151 06§ M7 Wi8§ 29
(1) Bank Profoction ' -

“Tradk realigrrent Su——— |
(2)Sope sality MR———— e s s s e s
(3)Frack lifting N ——
()R reh tition ————— B [

Surhectar drain " 7

Ll wickning IR

Nte : Corntrotion Schvedde & Indodd Prefimirery Weks

Fig.11-3-1

Construction Schedule



Table 11-3-2  Approximate Quantity and Construction Cost Estimate (1) -

Units ; US§
Stage
No. Description Location Priay] Uait Qty Stage 1 Stage 2 Stage 3 Remarks
1] Baak Protection
11pki-4 1 m 250] 16896273 Revetment
11pkl-4- ] 2 |location i 228,099.68 Groyne
16pki-4 2 " 400 270,340.36 Revetment
I16pk1-4 3 | location 1 228,099 68| Groyne
3tpk2-4 1 m 00| 220,955.27 Reverment
pk2-4 km - 2] 2,865,845.24 Track Transfer
2.0m*20m ¢ 1 Cell conc. cubvert Jipk2-4 Fach 2 57,984.71 Track Transfer
Sipk9-52pkl] 1 m 250] 168,962.73 Revetment
51pk§-52pk 1] 2 |Location 1 B 228,099.68 Groyne
54pkd-5 1 " 150]  101,377.64 Revetment
Sipk4-35 2 |Location 1 223,099.68 Groyne
55pk 9 3 m 100 ) 67,555.09] Revelment
$5pk 9 . | 4 |location | 223,099.68] Groyne
57pk 9 )] m © 1500 101377.64 Revetment
65pk 7 2 m 1508 101,372.64 Revelment
65pk 7 3 | Location 1 228 699,64] Groyne
67pkd-6 1 m 300] 202,755.27 Revetment
" 88 pk 10 3 m 100 67,585.03] Revetment
208pk - 209¢K 13 m 150] 101,377.64 Revetment
-|Commeon excavation}1=600m 208 pk - 209pkl 3 | cum | iBO000) 1,848,600.00{ Cut-off
208pk - 209¢k) 2 |Laocation 1 223,099.68 Groyne
Tota} 3,989,368.93] 1,284,116.72] 2.668,069.18
Units : US$
Stage
No. Description Location Priy] Unit iy Stage 1 Stage 2 Stage 3 Remarks
2 [Slope Stability .
~8pk 10 1 Lrm 100 13,165.57 - Rock Pool
9ok 5 2 Im 70 13,165.57 Rock Pool
10pk 7 2] Im 90 16,927.16 Rock Pool
i0pk 8 2 Im 90! 16,927.16 Rock Pool
120k 2 2 Em 110 20,658.75 Rock Pool
13pk 4 1 Lm 80| . 28211.93 : Rock Pool
14pk 8 2 Lm 1508 ) - 2821193 Rock Pool
17pk 6 1 Lm G 13,165.57 Rock Pool
18pk | 2 Lm 70 . 13,165.57 Rock Pool
do 1 909091 Foot Fixing
18pk 10 1 Lm 70 13,165.57 Rock Poot
19pk 1 1 Lm &D 15,046.36/ Rock Pocl
19pk 1 1 Lm 8G] 9067273 Conarete Lining
Sipk ¢ 3 Lm &0 11,284.77|Rock Poot
52pk 3 2 Lm o0 16,922.16 Rock Poct
52¢k 9 2 Lm I 11,284.77 Rock Pool
S4pk 2 1 im 100]  18,802.95 Rock Pool
570k 9 1 Lm 100] - 18,807.95 |Rock Pool
61k 9 ) Lm 200l 37,615.91 Rock Pool
&3pk 4 3 Lm - 100 ' 18,807.95{Rexk Pool
250k 7 1 §m . 120 22,569.58 Rock Pool
251 pk 10 1 Lm &y]  15046.36 Rock Poot
267 pk 4 1 Lm 150 28,211.93 Rock Pool
do 1 ’ 18,181.82 Blasting
282 pk-283pk | 1 Lin 150 28,211.93 Rock Pool
Total 369,972.04] 13729807 30,092.72
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Table 11-3-2

Approximate Quantity and Construction Cost Estimate (2)

Units : USH
Stage
No. Description Yocation Pyl Uni Qy Stage 1 Stage 2 Stage 3 Remarks
3 [Track Lilting
92 pk - S5 pk 3 1S 1 1,919,395.18)w / PClies
Total 0.00 0.00] 1,919,395.15]
Units ; USS
Stage
No. Deescription Lncation Priy] Unit Qiy Stage } Stage 2 Stage 3 Remarks
4 | Bridge Rehabilitation -
Replace withanewbeern 1-%9m|]  235pk 3 13 BR 2} 122,627.06
Crack injection M50k S5 i BR 20 33,795.59
Replace with a aew beem L=Tm 255pk 3 1 BR 2] 879169
| Crack injection - 550k 8 | 4] BR 1 - 16,897.90)
Replace with a new beem L=9m 285pk 1 ] BR 1] 61313353
Replace withanewbeem L=12m  289pk 1 1 BR 1]  80847.12
Crack injection N6k 9 1 BR 1§ 16,897.80
Recasing Concrete do 1 BR 1] - 17,042.46
Replace with anewbeem L=12n] 33k 3 1 BR 2] 16169424
Replace with a newbeem L=7m| 3Bk 10 1 BR 1]  4395845]
Craxck injection Mipgk 2 1 BR 1]  16892.80,
_ [ Recasting Concrete do 1 BR 1 17,042.46
Replace with a new beem La7m) M4 pk 1 1] BR | 4355645
- [Replace with a new beem 1=Tm 356pk 1 1 BR 2] 8791690
Tolal 791,908.76| 000 1659780
Units : US$
Stage
No. Description location | Pay] Unit | Cxy § Sagel Stage 2 Stage 3 Remarks
5 | Drain Improvement (1) . .
2.0m*2.0m/ 1 Cell oonc., culverl ipk § 3 ]| Exh i 28,992.39| Drain Capacily
20m*2.0m/ 1 Cell oonc_culvert]  14pk 1 3| Bach 1 28,992.39] Drain Capacity
2.5m*2.5m7 ) Celt conc. culvert] = 20pk 2 2 | Fach 1 35,202.36 Drain Capacity
2.0m*2.0m/ 1 Cell oonc. aulver] 21 pk 6 2 | Each 1 2899239 Drain Capacity
20m*2.0m / 1 Cell conc. culven) 2pk 8 3| Exh 1 28,992.39| Drain Capacity
20m*20m/ | Cellconc. culvert| | Z0pk 10| 2 | Exch i 899239 Drain Capacity
- -
é?,“r&(::m; box Nk 2 m 100} 315,757.09 -m:::m
B . Skhu-baatar . .
Groundsel / Gabion Maltress | 2P 2 cum 100 1126418  discharge point
2.0m*2.0m / 1 Cell conc. culver| Mok 3 4 | Each 1 28,992.39| Drain Capacity
20m*2.0m/ 1 Cell conc. cubvert] __ 37pk 7 3 | Esch 1 28,592 39| Drain Capacily
2.0m*2.0m/ § Cell cone. culvent 4lpk 2 4 ] Each 1 28,992.39] Drain Capadily
20m*2.0m /1 Cellconc. culvert] ~ S0pk 5 3] Exh’ 1 - 28,992.39] Drain Capacily
20m*20m/ 1 Celtoonc. culvert]  Sipk 3 | 4 | Each 1 28,992.39] Drain Capacity
20m*20m/ 1 Cell conc. culvert]  SApk 10 | 3 | Each 1 28,992 39| Drain Capacily
20m*2.0m/ 1 Celloonc. culventf  S6pk 1 4 b Exh 1 28,992.35| Drain Capacity
20m*2.0mj 1 Cell conc. culvert]  S6pk 8 3§ Exh i 28,992.39] Drain Capacity
20m*2.0m/ I Cellcooc cubver]  57pk 10 | 4 ] Each 1 28,992.39] Drain Capacity
20m*2.0m/ 1 Cell conc, culven] | 59pk & 3 | Esch i 28,992.39] Drain Capacity
2.0m*2.0m f 1 Cell cone, culvert] - 66 pk4-5 1 ]| Each I 2899239 New Drain
2.0m*2.0m / § Cell conc. culvert 82pk 6 4:] Each i 28,992.39| Drain Capacity
2.0m*2.0m/ t Cell conc. culvert]  88pk 6 | 4 | Each 1 28,992.39| Drain Capacity
2.0m*2.0m # 1 Cell cone. culvert 88pk 9 2 | Each 1 28992.39 Drain Capacity
25m*25m/ 1 Cell conc. culvert]  89pk 7 1 § Each 1} 3520236 Drain Capacity
2.0m*2.0m/ 1 Cell conc., culvert] 93 pk 1 4 | Exh ] 28992.35| Drain Capacily
2.0m*2.0m/ 1 Cell oone, culvertt 93km-95km | | Each 1] 2899239 New Drain
Sub Total 420,208.41] 122,179.53] 46387824
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Table 11-3-2

Approximate Quantity and Construction Cost Bstimate (3)

Units ; USH
Staze )
No. Dsceiption Location Pry|] tnit Oty Stage | Stage 2 Stage3 Reematks
5 | Drain Impeoverent (23
20m*2.0m/ 1 Cell cone, culven 95pk 2 1| Esch 1 28,992.3%] Drain Capacity
2.0m* 2.0m/ 2 Cell cone. culvert) 9Tk & 1| Exh 1] 41,901.98 Drain Cepacity
2.5m*2.5m/ 1 Cell conc. culvert]  100pk 7 1 | Eaxch 1} 3520236 Drain Capacity
20m*2.0m /1 Celloonc. cubvert]  107pk 6 4 | Each 1 28,992.3%| Dirain Capacity
20m*2.0m / 1 Cellconc. culvert]  111pk 9 3} Exch 1 28,992,39] Drain Capacity
20m*2.0m/ 1 Celloooc. cubven] 113 pk 4 3 | Exch 1 28,592.39) Draln Capacity
2.0m*2.6m / 1 Cell conc. culvert 116pk 6 2 Each 1 28,992.3% Drain Capacity
2.0m*2.0m/ 1 Cell oonc. cubvert]  123pk 1 4 | Each 1 28,992.39] Drain Capacity
10.6*1 span BR 125pk 5 | 1 | Fach 1 63,313.53 Drain Capacity
10.0*1 span BR 1250k 8 | 1 [ Bxh i 6131353 Drain Capacity
20m*2.0m f 1 Cell conc. culve 128pk 7 3 ] Each 1 28,992.39] Drain Capacity
20m*20m{ 1 Cellconc, culvertt  132pk 6 11 4 |' Each 1 28,992.39] Drain Capacity
20m*2.0m/ 1 Cellcone, culvert]  ¥35pk 3 . | 4 | Each 1 28952351 Drain Capacity
20m*2.0m /1 Cellcone, cubvet]  136pk 8 | 3 | Exch 1 28,992.35] Drein Capacity
2.0m*2.0m / § Cell cone, culvert] ~ 138pk & 2] Exh 1 2899239 : Drain Capacity
2.0m*2.0m/ 1 Cell conc. cubvert]  141pk 6 3 | Each 1 28,992.39; Drain Capacity
2.0ny* 2.0m £ 1 Cell oone, culvert 143 km 1 L Each 1| 2899239 New Drain
2.5m*2.5m /2 Celloone. culvert] ~ 145pk 1 11 Each 1] 4575274 Drain Capocity
Z0m*20m/ 1 Celoonc.culverd]  151pk 3 | 3 | Each 1 28,997, 39| Drain Capacity
20m*2.0m7 1 Cell conc.cubver]  155pk 5 3 | Each 1 28,992.39| Drain Capacity
J20m*20m/ 1 Celiconc. cubver] ~ 157pk 5- | 4 | Exh 1 28,992.39] Drain Capacity
2.0m*2.0m { 1 Cell conc, culvert] 158 pk 9 3 | Each 1 28,992 39| Drain Capacity
32.0em*2.0m/ 1 Cell conc, culvert] - 150pk 9 3 | Each 1 28,992.391 Drain Capacity
2.0m*2.0m/ | Cell conc. culvert] 1657k 2 3| Esch’ H 28,592.39] Drain Capacity
J20m*20m/ 1 Cellconc. culvert} - 168pk 4 -] L | Each- 1 2859239 New Drain
20m*2.0m/ 1 Cellcone. culvert]  170pk 8 ‘3 | Each 1 28,952.3%] Drain Capacity
20m*2.0in f 1 Cell conc, cubvert] © 120pk1-3 | 1] Each 1] 2899239 New Drain
2.0m%2.0m / 1 Cell cone, cubvertf - 171pk 5 4 | Each 1 2899239 Drain Capacity
2.5m*2.5m/ 1 Cell cone. cubvert 172k 10 2 Each 1 35,202.36 Drain Capacity
20m*2.0m/ 1 Cell conc. calver]  176pk 6 | 3 | Each 1 28,9973 Drain Capacity
2.0m*2.0m / 1 Cell conc. culvert) ~ 177pk 6 3 | Each 1 28,992.39) Drain Capacity
2.0m*2.0m / 1 Cell ponc. culvest 178 pk 7 3 Each 1 28,992, 39| Dxain Capacity
2.0m*2.0m / 1 Cell cone. cubvert i82pk 3 3 Each 1 28,992.39] Drain Capacity
2.0m*2.0m / ¥ Cell oonc. culve 184 kin 11 Exh ) 2859239 New Drain
20m*2.0m 7 1 Cellconc. culvert]  165pk 6 8 3 | Each )} 28,952.39] Drain Capacity
20m*20m7 1 Cell conc, culvert] | 186pk 7 | 3 | Each 1 78,992.39] Drain Capacity
2m*2m/ 1 Cell conc. culverl 190km - 12km| 1 | Each 1 28,992 39 New Drain
2.0m*2.0m 7 1 Cell conc. cutvert] - 191pk 5 4 | Each S 72R,992.35] Drain Capacity
20 2.0m7 2 Cellcone. culvert]  197pk @ | t | Each 1] 4190198 Drain Capacity
2.0m*2.0m / § Cell conc. culve 205 pk 7 3| Each 1 28,992.39] Drain Capacity
20m*20m 1 Cell conc. culvedt] " 207pk 2 | 3 | Each 1 28,992.39! Drain Capacily
2.0m*2.0m/ 1 Cell conc. culverti * 207pk 8 4 | Eaxh 1 28,992.3% Drain Capacity
2m*2m { conc, box. Z10pk 6 1 Each 1 28,992.39 New Drain
20m*2.0m/ 1 Celloone. culvert] 218 pk 3 3 | Each 1 28,992.3%]Drain Capacity
2.0m*2.0m /1 Cell conc. culvert] -~ 212pk 8 3 Each i 28,992 30 Drain Capacity
2.5m*2.5m/ t Cell conc, aulvert] -~ 216pk 6 2 Each 1 35,202.36 Drain Capacity
20m*2.0m / 1 Cell conc, culvert] ~ 217 gk 9 3 Each i | 28,992.39] Brain Capacity
20m*2.0m/ 1 Cellconc, cubvert] - 218km | 1 | Exh 1] 2899239 New Drain
2.0m*2.0m/ t Cell conc, cubvert] 222 pk 10 4 | Each 1 28,992.39) Drain Capacity
20m*2.0m / 1 Cell conc. culvert x23pk 7 - 1 Fach 1 28,992.39] New Drain
20m*2.0m { 1 Cell conc. culvert 225pk 8 4 Each 1 28,992.39] Drain Capacity
2:0m*2.0m / 1 Cell conc. culven 228k 6 4 Each 1 : 28,692.39) Drain Capacity
25m*2.5m/ 2 Cell conc. culverl] 2300k ¢ 1 Exh 1 46,752.71 Drain Capacity
Sub Total 563072.92] 12838950] 685,741.26
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Table 11-3-2  Approximate Quantity and Construction Cost Estimate (4)

Units ; US$
Stage
No, Dyscription 1ocation Priy| Unit Quy Stage 1 Stage 2 Stage 3 Rerrarks
S | Drain Impravement (3) . S
10.0m*] span BR 235pk 3 1§ Exh 1] 6131353 .| Drain Capacity
2.0m*20m/ | Cellcone. cubventf - 236 pk 8 31 Each 1 : 28,992.39| Drain Capacity
20m*2.0m/ 1 Cell conc. culvert) - 238pk 4 4 | Exh 1 28.992.35] Drain Capacity
2.0m*2.0m / | Cell conc, culvent] ~ 239pk § 4 | Each 1 28,992 351 Dyaln Capacity
7.0m* 2.0 § 2 Cell dooc, cubvert]  242pk 4 V| Each 1| 41,9019 Drain Capacity
20m*2.0m/ 1 Celi conc, culvert] — 243pk 10 | 3 | Each 1 - 28,992 .39 Drsin Capacity
2.0m*2.0m { 1 Cell vonc, culvert] - - 24dpk 7. 3 | Each 1 22,992 39| Drain Capacity
2.0m*2.0m{ 1 Cell conc, cubverl]  252pk 1 4] Exh 1l 28,992.39{Drain Capacity - .
20m*2 0/ 2 Cell oone. culverd] - 253pk 3 1] Exh 1| 4190198 Drain Capacily -
10.0m* 1 span BR. ] - 2350k 3 1 | Exh 1 39,772.18 - Drain Capacity
2.0m*2 0m ¢ 1 Cell conc, culve 26ipk 1 4 | Each 1 28,992.39| Drain Capacity
20m*20m/ 1 Celtconc, culver]  261pk 6 | 3 | Each R 28.992.39| Drain Capocity .
2.5m*2.5m/ 1 Cell conc, cutvert] — 268pk 3 -] 2 | Each 1 352023 - |DrainCapacty .-
20m*20m/ Y Cell conc. cutvedt)  2%0pk 3 '] 3 | Each 1 28,992.39| Dvain Cagacity .
25m*2.5m /1 Cell gone, gulvertt  273pk 1 3 | Each 1 28,992.39{ Drain Capacity |
20m*2.0m ¢ | Celloonc, culvert| 276 pk 8 3| Each -3 . 28,992.39] Drain Capacity
20m*2.0m/t Cell oonc,culvert] ~ 277pk 8 - | 3 § Each 1 28,992.39f Drain Capacity
20m*2.0m /1 Cell conc. cubvert]  279pk 3 3] Each i * 28,992 39) Drain Capacity
20m*2.0m / 1 Celt conc culvert) - 2680pk 3 | Exh 1 28,992.39] Drain Capacilty .
2.0m*2.0m / 1 Cell conc. culvert] 280 pk 10 4§ Exh- 1 28,992.39] Drain Capacity’
2.0m*20m/ | Cell cinc. culvert] ~ 282pk 6 2] Exh 1 2R,992.39 - {DratnCapacity
20m*2.0m/ 3 Cellcone. culvert| -* 289pk 7 .} 4 | Each 1 28,992.39) Dxain Capacity
2.0m*2.0m / 1 Cell conc, cubvert) — -307pk 3 3 | Each’ i 28,992.39] Dwain Capacity |
2.5m*2.5m/ 1 Cell conc, culverl] 311pk 8 | 3 | Each 1 35,202.36) Drain Capacily
2.0m*2.0m { 1 Cell oonc. culvert] -~ 313 pk 10 't | Each 1] 2399239 . Drain Capacity . |
2.0m* 20m / 2. Crll oonc, culvert] 314 pk 10§ 1 | Each i 4150198 Drain Cagacity
2.0m*2.0m / 1 Cell conc, cudv 39pk 2 | 3 | Each 1 : ‘ | 28,552 39| Drain Capocity
20m*2.0m 7 1 Cell conc. culver], | 319pk 6 | 2 | Each 1 2899239 Drain Capacity
20" 20m/ | Cell cone. culver) 323pk S | 2 | Fach 1 2899239 Drain Capacily
3.0m*20m/ 1 Cell cone. culved] © 324pk 5 | 4 | Each 1 N 28.9972.3%| Drain Capacity
20m*2.0m / § Cell core, culvert) 329 km 1 Each 1} 2899239 . New Drain -
2.0rm*2.0m f 1 Cell conc. culver Bpk 7 3 Each 1 28,992.39| Drain Capacity
2.0m*20m/ 1 Cellconc. culvert] | 332pk 4 | 2 | Fach 1 28,992.39 ~ | Drain Capacity
20m20m/1 Cellonc. culvert]  333pk $ 3 | Exch 1 o 28,992.39) Drain Capacity
10.0m* 1 span BR I pk -3 1-§ Each 1 713083 New Dain .
§00m*1 span BR 334pk 4 1 Each - 1] 6131353 Dxain Capacity
2m* 2m/ 1 Cell cone. culver MAopk 5 H Each 1 28,992.39 New Drain
25m*25m/ i Celiconc.cubven] - M2pk 2 | 2 | Exh 1 35,202.36 Drain Capacity
2.5m*2.5mf 1 Cell cone, cubvert]  3M45pk 7 2 {1 Each 1 S 35,202.36 Drain Capacity
2m* 2m £ 1 Cell conc, culvert 345pk 5 1 Each 1 2899235 . New Drain - .
2.5m*2.5m/ t Cell oonc, culvert] .~ 348pk 7 2 | Bach 1 L 35,200.36 Drain Capacity -
2.0m*2.0m/ 1 Celicone, cubvertp 348 pk 10 1 | Each 1 28,992.39 New Drain -
2.0m*2.0m {2 Cell cone, culveri) 9ok 10 2 | Each i : 41,901.98 Drain Capacity "~
120m*l spen BR 352pk 7 1 Each -1 80,847.12 Drain Cagacity
10:0*1 span BR 356 pk_1 1| Exn TH 6131353 Drain Capacity
2.0m*20m 7 | Cell conc, cubvert]  357pk 7 | 2 | Each } R992.39 Drain Capacily
2.0m*2.0m /1 Cellconc, culvert]  365pk 3 | 2 | Exch 1 899239 : Drain Capacity
20m*2.0m/ | Celiconc, culvertf  367pk S 4 Each i 28,992.39| Drain Capacity
2 0m*2.0m/ 1 Celoonc. culwd]  370pk @ | 3 | Each 1 28,992.39] Drain Capacity
20m*2.0m7 1Cell conc. culver]  378pk 3 | 3 | Fach i 28,992.39| Drain Capacity
T0m20m7 1 Celloonc, culver]  381pk 4 | 4 | Each 1 28,992.39| Drain Capacity
2.0m*2.0m / 1 Cell cone, culvert 386pk § 4 Each ] 28,592.39| Drain Capacity
2.5m*2.5m { 2 Gell conc, culvert 389pk 1 1 Each 1 46,7521 __| Drain Capacity
Sub Total 713,303.02] 355,605.76]  789,004.50
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Table 11-3-2  Approximate Quantity and Construction Cost Estimate (5)

Units ; USH -
Stage
Mo Bescription Location Pity] Unit Quy Stage 1 Stage 2 Stage3 Rerarks
5 | Drain Improvement {4)
20m*2.0m/ 1 Cell cone. cubven]  391pk 4 1| Exh 1| 4190198 Oyain Capacily
10.0m*1 span BR I4pk 4 1 | Exch 1] 6131353 Drain Capocity
Widening of Channel 3999k 1 P | cum 1,400{ 148057 Widering of channel
Revelment / Cone. block 3%9pk 1 11 sqm 360] 8160545 Widening of channel
Dx:roclition of superstruciue 399pk 1 1 Ls 1| 11,9097 Widening of channel
Demclition of Exdsting Abut B9k 1 1] cum 90 5,502.44 Wideaing of chanscl
2m*2m/ 1 Cell conc, culverd 4i6pk 10 1 } Each 1| 2899239 New Drain
2m*2m {1 Cell conc, culveat 417 km 1 Each 1 2899239 New Dnain
2en* 2 /1 Cell cone. culvedt 420 km 1 Each 1 28,992, 35i MNew Drain
2t 2m ¢ 1 Cell oone culvert 424pk 3 1 | Each 1] 2399239 New Drain
2m*2m / 1 Celt cone, culverd 428%m 1 | Each 1 289593 New Drain
2m*2m/ 1 Cell cone, cubeerd 438 m ] Each 1 2899239 New Deain
Sub otz 39062928 0.00 0.00]
Tolal 2001,21863]  G07,21.79] 2,238,62400
Total of Stage 1,23
Grand Total 7,224, 493.36] 2,028, 649.58] 6,871,078.92 16,126,226 86,
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Chapter 12
Operating and Management Plan

12 - 1 Organization and Personnel

The Mongolian Railway (MR) is organized as shown in Appendix 12-1, Comparison
made between the changes in number of employees and the volume of transportation for the
last six years is shown in Appendix 12-2.

For organizations, the headquarters personnel assigned to the railway iransportation
make up only two to three percent of the total number of employecs. Six top personnel
including the Chairman are responsible for management of ali divisions, It can be appreciated
that the headquarters is simply organized as a whole. In October last year, its organizations
were reformed. Establishment, abolition and merger of divisions were made, The
responsibility for some of the divisions were transferred from a top personnel to another. By
these revisions and adjustments the more simple organizations were established and the share
of the responsibility among the Chief Engineer and the Deputy Chairmen weze made clearer.

MR is notable for its fairly wide range of business and services. The range of business
and services other than railway transportation can be classified into those concerned with the
raitway (wood work, crushed stone production, manufacturing of wooden sleepers, ¢le.) and
those not for the railway but rather for the welfare of the employees (education, housing
construction, medical care, commodity distribution, cultural activities, etc). The former
should be commissioned to private sectors if commercial enterprises have become established.
It is natural that the latter be handled by the government or by public corporations, although
costs can be shared in the form of taxes and fees by enterprises or individual beneficiaries.
For now, however, the present systems cannot be avoided in the current status of Mongolia,
where the past system and organizations still survive, As a matter of fact, almost half of the
MR employees are engaged in non-railway services. In the past, the products and the services
of MR's non-raitway divisions were almost for its own railway division and employees, but
last year the section dealing commodity distribution to employees handled retail sales of
provisions to outside customers for the first time and cobtained some profit. Hotel operation
was also started.

Facing rapid decline in transportation demands, MR has reduced approximately 2,000
persons or about 13% of its total employees for the peridd from 1991 to 1996. On such an
occasion, it was a wise choice that reduction of non-railway servicc'employecs was preferred.

Later, as the transportation volume began to recoves from the bottom in 1994, the number of
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personnel turned into a slight increase in raitway division. Meanwhile, the number of the non-
railway service employees still continued to decrease exceeding expansion of the railway
service personnel and thus, total number of employces has kept downward trend. This means
that the MR Management has strong intention to refrain from increasing the number of
employees.

It is considered important to sel up a proper manpower plan based upon the suitable
number of personnel nceded in the railway transportation division in the future, taking into
consideration the tong-range tendency of transportation demands and the future prospects for
introduction of new technologies enabling labor saving. As for non-railway divisions, fairly
big cut of almost 30 percent has already been achieved. As rationalization and improvement
of management seem to be coming to the limit, it is advisabte for MR to appeal in accordance
to development of the political reform for separation of social welfare matters for which the
government should be responsible. In the future, MR should proceed in a direction placing
more importance on railway transportation service which is its own proper business,

Other commercial business is just in trial stage. However, in case the big enterprise like
MR enter into new line of business other than its own ficld under the present situation of
Mongolia where the business society is still underdeveloped, it will not be blamed as
smashing down the privale sector, but rather be welcomed as giving impact on the nation's
market economy. Therefore, MR should 1ake up such kind of business positively after
checking up the profitability carcfu!ly. In the reformation of organizations in October last year,
Management and Planning Department was newly established under the direct control of
the Chairman. It makes up MR's future plan covering all spheres of ifs business including

non-railway divisions. Good results of its activities are highly expected.

12-2 Operating Management Expenditures
(1) Setting of Expense Items
Classify the operating management éxp‘endilurés for lhis'projecl into labor costs and
material costs, and set the following 'eighi expense items. Estimate necessary expenses
based on the balance sheet of '1995, taking into consideration the price increases untif the
time investigations are conducted. Where any expense item shown in the financial

statement of the MR does not fall in one of the following categories, refer to the financial

statlement of a similar railway company in Japan.
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(D General administrative expense: expenses requited for operating management of

general affairs and accounting departments, including welfare expenses for

employces.

@ Maintenance mapagement expense: expenscs required for the management of the
maintenance of track, cars, and communication facilities, including expenses
required for management of education and training of employecs.

® Transportation management cxpense:  expenses requircd for  handling  of

transportation service (railway stations) and expenses required for education and

training of employees.

@ Railway maintenance expense: ‘expenses required for maintenance of fracks,
structures and other facilities refated to maintenance of railways.

(B Communication maintenance expense: expenses required for maintenance of electeic
power, signaling and communication facilities.

® Car maintenance expense: expenses required for inspections, repairs and
maintenance of cars,

@ Transportaﬁon expense: expenses required for transportation of passengers and
freight, including salaries and wages for station employces and conductors.

Operation expense: expenses required for operation of cars including power cost.

(2) Setting of Base Units
Set base units that are considered to be the most appropriate for each expense ilem.

Apply the number of employecs to labor cost and the following units to material cost.

(D General administrative expense: number of employces

(2) Maintenance management expense: car travel distance in kilometers

@ Transportation management expense: transportation volume

@ Railway maintenance expense: car travel distance in kilometers

(& Communication maintenance expense: {rain travel distance in kilometers

® Car maintenance expense: car travel distance in kilometers

(D Transportation expense: transportation volume

Operation expense: lransporialion volume

Set base units based on the actual record of operating management expenses, obtained

from the 1995 financial statement of the MR. Where any expense item shown is not one
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of the above items, refer to the financial statement of a similar railway company in Japan
and make adjustments, Taking into consideration the current economic situation in
Mongolia, where inflation still persists, make adjusiment to prices by adding 37.8% to
current market prices, based on the consumer price index described in the Mongolian
Economy and Society in the 1995 Statistical Yearbook and the Monthly Statistics. These
prices were used as a base unit at the time of investigation (refer to Appendix 12-8).
(3) Estimation of Operating and Maintenance Expenses
Estimate operating and maintenance expenses for the years of 2005, 2010, and 2020,

based on the increase from the year 1996 and the base units of the number of employees,
the transportation volume, car kilometers, and train kilometers.

1) Number of Employees
Use the estimated increase in the number of employees shown in Table 6-12, Chapter 6.
It can be presumed that the current number of railway maintenance personnel and
signaling and communication personnel can respond to increased workload in the future,
Do not take into account the rebound of the increase of transportation service personnel
ta the number of personnel of the administrative divisions of the headquarters.

2) Transportation Volume
Obtain person kilometers and tonnage kilometers for project sections (450 kilometers
from Oth station to 271h station) from the OD table based on the prediction of demand.

3) Car Kilometers and Train Kitometers
Estimate passenger and freight cars travel distance and train distance in kilometers for
the project sections, based on Tables 6-15 and 6-16, shown in Chapter 6.
Base units, number of personnel, transportation volume, car kilomelers, and train
kilometers based on the above prerequisite, and the operating and mainlcnance expenses

¢stimated based on these data, are shown in Tables 12-1 through 12-3 below.
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‘fable 12-1 Personne!, Transportation Volume, and Car and Train Travel Distance (km)

Item Ycar 1996 2005 2010 2020

Number of Rmployees _ k. 3,590 _ 3,912} _ _4,131] 4,279

Increment
{Pcrsons) against 1996 322 541 689
Transportation 371 487 541 606
Volume Passenger _ _ § _ b _ b _ _ o _

A Increment
(Miltion Prs. kM) 5gainst 1996 1s 69 235
Freight _ | ___994| 1,443} _ _1,700§ _ 1,937

- Increment
{(Million ton km) against 1996 449 706 943
__Tetal_ _ I __1,3651 _ _1,930] _ 2,240] _ 2,543

care Increment
(Million Pes.ton km) against 1996 565 875 1,178
Carkm Passenger 14,576 14,676 15,940 18,240
(1,000 km) Freight 34,356 54,456 65,670 84,547
__Total_ | _ 48932] _69,132| _81,610] 102,787]

increment
against 1996 20@01 32,679 53,855
Train km . Passenger 1,364 1,364 1,471 1,532
{1,000 km) Freight 986 1,354 1,565 1,769
__Total _ 3 _ _ 2,3501 __2,718y _ 3.036} _ 3,301

Increment
against 1996 368 687 951

Table 12-2  Base Unit
(Unit : Tugrik

Expense Cost Base Unit
Labor cost 560,560/person (number of employees)
| Material Cost
General Administrative Expense | 11,457/person _ (number of employees)
Maintenance Management Expense | 0.27/km. (carkm)
_Transportation Management Expense | 6.62/1,000prs.tonkm  (transportation volume)
_Railway Maintenance Expense [ 15.33/km ~ f(carkmy
Communication Maintenance Expense | 66.02/km (train km)
~ Car Maintenance Expense 114.72/km  f(carkm)
Transportation Expense i 732.50/1,000prs.ton km _(transportation volume)
QOperation Expense 53.07/km _ {carkm)
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Table 12 - 3

Operating and Maintenance Expense

(Unit : Million Tugrik)

Ttem

. Year 2005 2010 2020

Number of Employces (persons) 322 541 689

Transportation Volume (million passenger.fton-km) {565 875}  L,178

Car Km {1,000 km) 20,201 32,679 53,855

Train Km {1,000 km) 368 687 951

Labor Cost 181 303 386
Material Cost -

_ General Administrative Expense 4 6 8

B Maintenance Management Expense 5 9 14

‘Transportalion Management Expense 4 6 8

Railway Maintenance Expense 310 501 826

Communication Maintenance Expense 24 45 63

Car Maintenance Expense 297 481 793

Transportation Expense 414 641 863

Operation Expense - 1,072 1,734 2,858

Total Material Cost 2,130 3,424 5,432

Grand Total 2,130 3,727 5,819

US Dollar Equivalent (1,000 USS$) 4,201 6776 10,579

12 - 3 Education and Training

Recruiting, education and training of staffs are as bricfly stated as below ;

a. Recruiting examination is applied for employing staffs by Mongolian Railway from

those graduated personnel of railway academy or high-school.

b. After the education from 1 month — 1 year depend on the type of work, assignment is

determined for further work position,

¢c.On the job training is conducted for 2 hours twice pre-condition to pass through

examination held once a year for duty-performance.
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Chapter 13
Fconomic and Financial Analysis

The Master Plan is composed of rehabilitation work of the railway substructures at 184
locations. They are grouped into 3 stages for the phased implementation plan during 2000-
2020, and the assessment is conducted here in economic and financial aspects.

After confirming the viability of the entire Plan, 72 projects are selected through engincering
and cnvironmental viewpoints to have nccessity of urgent implementation.  They are named
the Short Term Urgent Projects and the similar cconomic and financial cvaluations are
conducted for this group in Chapter 20. In order to avoid the duplicated presentation, this
chapter presents rather characteristic points in  evaluation method for the entire master plan,

while discussions in numerical data are cdited rather in Chapter 20.

13-1  Economic Analysis
13.1-1 Objective and Methodology
The objective of economic analysis is to estimate the impact of the investment of the
overall Master Plan in the cconomy. The impacts are shown numerically by Economic
Internal Rate of Relurn (BIRR), together with qualitative description of other indirect benefits.
These results are used in the overall assessment of the master plan proposed.
(1) Conditions
- Project Cost:
The project is composed of rehabilitation and strengthening railway substructures at
various points in the railway section from the Russian border to Bayan of 450 km.
The rehabilitation cost of the project is estimated by the team together with engineers
of MR and summarized in Chapter 11 in market prices of August 1996. The
economic cost is tabulated at the cost of US$ 22.98 million without transfer clements
of duties and taxes.
- Economic Benelfits
When the project is completed, it will strengthen the railway substructures and realize
cosl savings for the national economy in the following aspects.
1) Repair cost of repetitive damages on railways by flood and others.

2) Lost time cost of passengers by the intercuption of train operation.
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3) Additional cost of transportation assuming the diversion to road vehicle teansport.
The benefil stream years in cach stage are sct at 30 years after the completion of the
stage.

- lmplementation Plan:

Implementation plan of the master plan is proposed in three stages:

Stage | : 2002 - 2004
Stage 2 : 2005 - 2009
Stage 3 : 2010 - 2019
(2) Evaluation
1) EIRR Caleulation

EIRR is calculated in iteration method by the following model:
n -
0= E(Bi - Ci)/{1+EIRR)"

where i : the ith year as the 1st year is in 2002
n : the analysis period
Bi : benefits in the year i
Ci : project cost in the year i
2) Other Benefits
Other gualitative benefits which are not included in the EIRR calculation are described

in 13-1-5 afterward which should be considered in the overall evaluation of the project.

13-1-2 Project Cost
The project costs are shown by stage in Ap. Table 13-1-1.  The total economic cosl is

summarized with financial cost in the foltowing Table 13-1-1,

Table 13-1-1 Project Cost
($us in million of 1996 prices) .

Stage Econ. Cost | Tax & Duty | Financial Cost
1 10.93 1.47 12.4
2 2.93 0.37 3.29
3 9.12 1.42 10.54
Total 22.98 3.25 26.23

Source: Table 11-3-1 & Ap Table 13-1-1
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13-1-3 Economic Benefits
The project will reduce damages and loss inflicted repelitively on railway substructures
caused by rains often concentrated in a limited spot, being categorized in the following three
scales for quantification. Cost savings are identified as economic benefits in the sense that
cost of damages can be reduced when the rehabilitation project is completed.  The
followings are the esiimated cost savings to be realized by the project.
(1) Repair Cost of Damages
Damage Qccunence
Annual rainfall at Darkban shows a modest volume of 472 - 196 mm in the past. It
concentrates in June - August of the year often intensively in - many small areas, Every
yeat in the past floods caused by rainfalls associated with terrain conditions inflicted
damages on railways. Data of damages on the whole railways in MR are shown in
Table 7-1-2 in the chapter 7, from which those on the project sections for eight years
during 1986 - 1995 are selected and developed into damages in ten years during which
the number of damages are estimated at 68 without the project, being shown in Table 13-
1-2. It means various magnitude of damages will occur 6.8 times per year, Since no
other damage data are found in MR, it is assumed damages will happen at the same rate
in average per year if there is no rehabilitation program. The damage scale is categorized
in three classes of 1, M, and S and occurrence is assumed to decrease if rehabilitation
works are implemented by stage.
Damages have been repaired by MR urgently to restore railways and sub-structure
conditions for safe train operations. Often those urgent repair works are conducted by
mobilizing directly MR’s staff and material. The repair cost used in the economic
analysis _differs from the costing of MR, instcad, the cconomic cost should be estimated
in the sense that the urgent work de.p'rives resources to be used in other economic
activities. Accordingly, it should be estimated at cost found in the market less transfer
factors. Table 13-1-3 shows the cost, being copied from Ap Table 13-1-2. The cost
covers direct work, overhead and physical contingency prevailed in the market. As
shown in Ap Table 13-1-2, the cost of designing is neglected since the repair work is in
urgent need havihg no time to conduct full D/D.
When projects are implemented in each stage, damage occurrence can be reduced and the

costs of reparation, being tabulated by the averagcd repair cost multiplied to the reducible
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damages in cach stage, is saved. The urgent repair cost is considered to increase by 20 %

in the second 10 years and by 40 % in the thitd 10 years of the benefit sireams, since the

costs may increase because facilitics become obsolete with years and

of repair work may be required.

Table 13-1-2 Damage Occurrence

larger quanlities

Without Stage | | Stage 2 Stage 3 Left
Scale | improvement 2005 - 2010 - 2020 - over
] | Damagefyr Damage/y Improved/y | Damage/y | Improved/y | Damagely | lenprovedly
1. 0.95 0.95 0.38 0.57 0.14 043 0.39 0.40
M 245 2.45 0.97 148 0.36 1.2 1.0t 1.10
| S 3.40 3.40 1.35 2105 .50 1.35 1.40 1.50
| Total 6.80 6.80 2.70 4.10 1.00 310 2.80 3.00
Note :

The followings are tabulation of damage reduction under the staged progrant.
The total nomber of rehabilitation work types is 204, an average of 68 in each stage, while the planned

spot impravements are 84, 34,86 in each stage. A 5% is assumed for improvements to be repeated in
each stage, the totat of which is in “lefi over”. '

After stage 1 68%(84/204)*0.95=27

...... remain 41

After stage 2 68*([B4434}/204)*0.95=37 ...... remain 3
Afterstage 3 68%([84+34436)/204)*0.95=65 ...... remain 3

1

Damages on railways are assumed to decrease when improvements are completed by stage.

Total 2741042865 temaining 3
Table 13-1-3  Averaged Repair Cost by Scale
Urgent 1) Econ Cosl Econ CostSt1 | EconCostSt2 | E con Cost St3
Repair Work Annual Average 1% stage 2™ stage 39 stage
Repair Cost
[ Class 1. 2) 1,256,800 1,738,272 434,501 1,082,858
Class M _ 123,100 123,100 123,100 123,100
Class S §2,080 82,080 82,080 - 82,080

Source : Ap Table 13-1-2 _ _
Notes : 1) Class L (Large) damage is represented by revelment rehabilitation work where the cost is
the weighted average of L and 4,1M resulting in § 1,256,800
Class M is represented by embankment rehabilitation of $ 123,100
Class § is represented by embankment rchabilitation at $ 82,080,
2) For benefit estimates of the entire master plan study, the unit cost of $ 1,256,800 is used,
while other figures are adopted for study by stage.

When the average annual occurrence is multiplied by urgent repair cost, the amount

means the repair cost of that year.

Caused by repeated damages on the railways, the cost

becomes a financial burden to MR management.

The cost can be saved if rehabilitation

works are conducted satisfactorily. The cost in each ye:ar is calculated and placed in one

of the benefit streams,

(2) Time Cost of Waiting Passengers

Trains have carried not only Mongolian citizen but also many foreign nationalities.
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Negalive impact of wailing hours of those passengers will spread among various
activitics of the ccanomy.  From this viewpoint, the lost time is cvaluated by hours of
waiting and unit cost per hour.  Ap Tables 20-1-1 and -1-2 shows the caleulation and the
following are the excerpt.
1) Time Value of Passengers
-1 Mongolian
GDP and poputation in 1995 are shown in the statistical data, from which GDP per
capita 1996 is tabulated.
240,680 Tug/person (in 1996 prices)
GDP per person per hour is detcrmined and converted to $ in 1996 prices at
$1.00 ="Tug 550.
240,680/(365 x 8) = 82.4 Tug = $0.1S0/H
where GDP is related to 8 hours work per day. Differentiation by trip purpose,
age, sex, eic. is not taken into account. The cost will increase with traffic and
GDP/person.
-2 Other Nationalitics
Data in “World Social Indicators of Development, 1996” (World Bank, 1996)
indicate GDP per capita at $2,460 for Russia and $530 for China in 1934. GDP
pet capita in 1996 is estimated by assuming changes for 2 years 1994 - 1996 in
each country. - Hourly rate per person is calculated respectively and the averaged
value is estimated at $0.500/hr.
-3 Averaged Time Cost
Of all passengers, 2/3 are Mongolians and 1/3 are foreigners.  Using this ratio the
averaged time cost is tabulated at $0.266/hr per person in prices of 1996, They will
increase  al a rate same as the growth of GDP per capita of Mongolia, 2.3 % per
annum,

(2/3 * 0.150 + 1/3 * 0.500 = $0.266 /hr per person )
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2) Time Cost of Waiting Passengers
-1 Passengers
The passengers volume on the link of Tolgoit - Mandal (170-220) in 1995 was
1.1 million {mn) persons, which meant the average transport volume of 3200 per
km on the project section, per day 8 trains and 3600 passengers).  Growth of
passengers are in Table 5-3-3 and the estimated volume is in Ap Table 5-8-23.
Passengers per day is calculated at 4300, 4800, and 5400 respectively for 2005,
2010 and 2020.
-2 Damages and Waiting Hours
The cost of lost time is estimated by taking into account the average damage
occurrence, average wait hours of passengers, traffic growth rates and rate of
increase of GDP/person being in Ap Table 20-1-1, where a brief note is altached in
calculating the averaged train wait hours. The cost in ¢ach year is tabulated and
put in one of the benefit streams.
3) Time Value of Cargoes
No time value is vested in cargoes during the transportation,
(3) Transport Cost Assuming Diversion to Road Transport
An approach is conducted here to quantify the hypothetical transport cost of passengers
and cargoes which would be carried by road vehicles because of the train disruption
caused by damages. The road vehicle transpert cost can be understood to represent a
part of ncgative impacts of the railway damage inflicted on the economy. The cost can
be saved if rehabilitation projecis of this study are realized.
1) Conditions
a. Loading by Vehicles:

Bus : Average 30 persons/Veh.
Minibus : Average 10 persons/vehicle,
Truck : Average 8 tonsfvehicle.

b. Vehicle Operation Cost
Depreciation, fuel, maintenance, tires, wages, and overhead cost are estimated  at
international prices at the border and tabulated into the unil vehicle operation cost.
The vehicle market in Mongolia is mostly used ones with quite large variety of

prices through which it is difficult to find representative vehicle types. Tax and
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duly need be excluded in economic evaluation.  Under the circumstances, prices
of new vehicles were confirmed at Customs Office. They are in Ap. Table 20-1-3
and the followings are VOC per 1000km.,
Bus : $234.65/1,000 km
Minibus $181.71/1,000 km
Truck $241.63/1,000 km
¢. Damage occurrence, ctc. are in the same conditions described through (1) - (2)
above. The diversion cost is tabulated for damage scate L and M, while (rains
encountering S are assumed waiting the re-opening and no shift to road vehicle
transport, |
2) Vehicle Transport Cost
Damage occurrence  rate, volumes of transport, averaged hau! distance and vehicle
running cost  on roads can tabulate the cost in prices of 1996. Growth rates of
railway traffic summatized in Table 5-3-3 are taken into account for cost in fulure
years. Ap. Table 20-1-4 presents the estimation of the cost of transport by vehicles
for selected years in the future. The annual cost is tabulated and pul in one of the
benefit streams.
(4) Summary of Economic Benefits
Economic benefits are estimated (1) Repair Cost of Damages, (2) Time Cost of Waiting
Passengers and (3) Road Transport Cost, They are summed up without discounting in
Tabled 13-1-4, where the total is $108 million, and savings are composed by damage

repair cost 60%, road transport cost 34%, and passenger time cost 6%.

Table 13-1-4  Economic Benefits

Economic Benefits  ($us mn in 1996 prices)
Project Repair cost Time cost Rd transport Total Savings
savings Passengers cost
Master plan 64.9 6.8 363 108.1
(%) (60) (6} (34) (100)
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13-1.4 Results and Sensitivity Analysis

(1) EIRR

EIRR of the entirc Masler Plan is calculated at 12.09%, using the estimated projects

cost and benefits,

which the result of sensitivity analysis is shown together..

(2) Sensitivily Analysis

Sensitivity analysis is conducted for the following cases of cost increases and/or

reduced benefits and the result is in Table 13-1-5 together with the base case.

Casc O
Case |
Case 11
Cast HH
Case IV
Case V
Case Vi

Base Case

Increased cost by 10%

Increased cost by 20%

Reduced Improvements by 10%

Reduced Improvements by 20%
Combined I and Il
Combined II and 1V

They are summed up in the net benefit stieam in Ap. Table 13-1-3 on

Table 13-1-5 EIRR and Scnsitivity Analysis

Case EIRR Casc EIRR
Base Case 12.09
Case 1 11.09 Casc 11 10.24
Case 111 10.99 Case 1V 0.86
Case V 10.07 Case VI 8.31

Economic assessment of the base case, the overall master plan, shows the EIRR at
12.09%. The sensitivity test values lie in the range of 8.3 - 11.1% are only cases of cost
increases and/or benefil reduction, while cases of reduced cost andfor increascd benefits
are not tested since they are considered in much larger range of viability not necessary to

show in numerical values . The master plan with EIRR at 12.09 % is considered viable in

economic justification.
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13-1-§ Other Benefits
The followings are qualitative benefits difficull to show in numerical terms:

(1) Important Role of Railway Transport
International road network has not developed yet in better conditions, while customs
clearance and common road traffic rules have not developed well to bring in frec
movement among the neighboring countrics yet. Under the circumstances, railways
contribute in all direct international movement of cargo and passcngers.
In domestic service particularly, transport of coal to key cities and industries in order to
support energy usage has been maintained in large volume.  All those cargoes and their
regular transport are fundamental to the economic activities. Punctual service of
railways is indispensable for sustained development of those activities. Rehabilitation
of ratlway subsiructure in this master plan will certainly contribute in realizing better
stable  transport service all through the year.  Also the project will increase safety and
regular operation and contribute in better management of MR,

(2) Support of Social and Industrial Activities
The project will realize stable service which can have better influences in economic
production, increasing job opportunities, bringing about new industrial activitics,
enhancement of urban tives and cultural and education systems as well.

(3) Better Environmental Conditions
Reduced damages through this master plan project can protect the environment
conditions of the region and prevent increases in air pollution, noise, etc. caused by

diversion to the road vehicle transport.

13-1-6 Economic Analysis

EIRR is estimated at 12% approximately. The opportunity cost of invesiment in
developing countries is generally at 10-12%. Mongolia is on¢ of those countries.
Compared to this criteria the investment in this master plan projeci shows a sufficient return.
In addition, non-quantified indirect benefits, which will serve enhancement of sustained

activities of the economy, can be materialized together.

The entire projects in the master plan showed EIRR of 12.09%, which is considered
feasible for Mongolian Railway and the national economy. With this return estimate in the
background, it is recommended the staged implementation plan should be studied further in
particular attention in the Ist stage.
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13-2 Financial Analysis
(1) Objectives and Methods of Analysis
Financial analysis is made to check if the profit can be increased as a result of the

upgrading project. As an index for this purpose, the financial internal rate of return
(FIRR) is uscd.

n t-1
0 =% CashFlow: / (1+FIRR)
t=1
Where,
n = time period of anatysis
Cash Flow: = cash flow of every different year
Cash Flow = operating profit + depreciation - investmient (salvage

valug to be added as a nregative investment in the last
year of project period)
(2) Major Prercquisites

1) Subject of Analysis
The earning capacily of this project is checked by analyzing the amount of investment
required for the project and raising of funds for that purpose, the loss of transportation
revenue and expenditure in case train operations are interrupled by disasters, and the
savings of rchabilitation cost resulting from the damage reduced by the project.

2) Analytical Period
The period of project is assumed to be 30 years from the completion of the first phase
work. It is assumed that revenues and administrative 6perating costs will increase every
year at constant rate through the years subjected to demand forecast (1995 to 2005, 2005
to 2010, and 2010 to 2020), and will remain on the same level after that until the end of
the project.

3) Amount of Investment
Market prices are used in financial analysis. A value-added tax {10%) is imposed on
equipment procured on the local market and  custom duty (15%) and local tax tolaling
26.5% (15% + 1.15 x 10%) are imposed on imported equipment. (refer to Table 13-1-1),

4) Depreciation
The straight line method is used for depreciation. Eari_h structures constructed under this
rehabilitation project- will have a uscful-life of ‘1()0 years, vniformly depreciated in

accordance with the regulations of MR. Therefore, re-investment is not required during
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the project life. The remainder of investment amount, less the accrued depreciation,
becomes the salvage valuc.
5} Raising of Funds

@ Foreign Currency Funds
For the foreign currency needed for the purchase of imported cquipment of the
investment amount, loans furnished by international organizations or government
agencies in overseas countries will be used. Financial parameters applicable to
Mongolia ar¢ assumcd to be as shown below,
Annual Interest Rate :2.3%
Period of Loan : 30 years (grace of 10 years)
Method of Refundment @ 20 years semi-annual equal instaliment

@ Domestic Currency Funds
Curmrent commercial interest rate in Mongolia is very high and it seems almost
impossible to carry out projects with domestic currency obtained from bank loans.
Since financial support from the government, such as grants-in-aid, also cannot be
expected, it is incvitable to obtain necessary domestic currency funds from MR's
own funds, Therefore, feasibility of this project will be studied assuming that all

required funds will be obtained from MR's own funds, except for those from foreign

currency loan.
(3) Number of Shutdowns that can be Prevented
The same numbers as for the economic analysis are used here. It is assumed
that the effectiveness of the shutdown prevention program is proportional to
the amount of construction invesiment during each stage of rehabilitation.
{4) Revenues and Expenses
It is assumed that the transportation revenue and expense to be lost due to shutdowns of
railway service for the section between Sukhe-baatar and Bayan unless rehabilitalion
work is performed, are attributed to this project. Estimated reduction in annual time of
interruptions to railway service is oblained from the number of occurrences of damage
~ that can be prévenled by the rehabilitation project, multiplied by the average time loss for
each case by the scale of damage.
Passenger and freight fare rétcs at the time of investigation are obtained from the

revenue and volume of MR transportation in 1995 by adding 37.8% of consumer price

13- 11



index increase in the government statistics, Other lransportation revenue s assumed equal
to 5% of total passenger and frcight revenue based on the past records.

Transportation revenue is calculated from transportation volume based on the demand
forecast for the scction subjected to the rehabilitation project and fare rates, Estimated
loss of transportation revenue, in case railway service is interrupted, obtained from
transportation revenue multiplied by the rate of reduction of interruption by disaster

prevention work, is shown in Table 13-2-1 together with administrative operating costs.

Table 13-2-1 Estimated Loss of Transportation Revenuc and Operating Cost
o _ _ (Unit: Miltion Tugrik)
Year 2005 2010 2020
Transportation Revenue 76 123 241
Administrative Operating Cost 41 70 159
Revenue less Cost 35 53 82

{5) Estimated Savings of Rehabilitation Cost
The sévings of rchabilitation cost are estimated from the number of interruplion
occurrences that can be prevented by the upgrading project, multiplied by the
rehabilitation cost for each damage (Table 13-2-2). Rehabilitation cost per each disaster is
the same as in the economic analysis, but market prices are used in financial analysis. As
it can be predicted that deterioration will be accelerated and expenditures will increase if

affected facilities are left without improvement, estimated expenditures will be increased

by 20% afier2015 and by 40% after 2025.

Table 13-2-2 Estimated Savings of Rehabilitation Cost
(Ugit; Miltion Tugrik)

Year 2005 1 2010|2015 |2020(2025
L. 300 21 662 873 1,019
M 75 106 167 220 257
S 70 98 154 204 238

Total Saving | __ 445 625 983 1,207 | 1,513
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(6) Sensilivily Analysis
Bascd upon the above conditions, the analysis for the fundamental case as well as
sensitivity analyses for the following cases were conducted.
Case | Construction cost increased by 10%,
Case 1l  Conslruction cost increased by 20%.
Case Il Number of occurrence of interruptions that can be prevented reduced by
10%.
Case IV Number of occurrence of interruptions that can be prevented reduced by
20%.
 Case V  Combination of cases I and I above.
Case VI Combination of cases [I and IV above.
{7) Results of Analyses

Financial internal rates of return (FIRR) for each case are shown in Table 13-2-3.

Table 13-2-3 Comparison of FIRR

Case FIRR Case FIRR

Preliminary Case _ 8.348%
Sensitivity Analysis Case | 7.594% | Sensitivity Analysis Case 1l 6.953%

Sensitivity Analysis Case I 7.518% | Sensitivity Analysis Case IV 6.6606%
Sensitivity Analysis Case V 6.823% | Sensitivity Analysis Case VI 5.493%

The FIRR indicates the rate of return on the total invested capital and it means that the
relevant project is financially feasible if necessary funds can be raised at an interest rate
below this level. If foreign currency portion of the construction funds required for this
rehabititation project can be raised at a rate of 2.3% and the remaining can be raised from
own funds, as described in the prerequisite, it is possible to carry out this project in view
of profitability. From the aspect of cash flow, the amouni of MR funds for
complementing the shortage of foreign loans reaches only 500 to 700 million tugrik
(from 2002 to 2003), and the accumulated balance at the peak will not exceed 1,300
million tugrik (in 2004).

In sensitivity analyses, the FIRR becomes lower in case of the number of interruptions
decrease than in casc of the construction costs increase, but the difference is not so

significant. Even in the wors! case (sensitivity analysis case VI), the FIRR is 5.493% and
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investment from MR's awn funds reaches anly 1,800 million tugrik at the peak. Complete
solution of the fund shortage will be delayed to 2020, but it is not so scrious as to obstruct
the implementation of the project.

(8) Study on Scalc of Investment

In recent years, MR has encrgetically exccuted important rehabilitation and
improvement projects by introducing loans from overseas countries and intcrnational
organizations. All necessary domestic currency funds were raised from its own funds
under the financial situation of high interest rate that makes borrowing from banks almost
impracticable. Grants-in-aid from the government also cannot be expected.

MR's own funds available {reserved profit + depreciation) in the last two years reached
about 4,000 million tugrik per year. Although this figure can change widely under the
situation where invesiment is being positively enforced under runaway inflation, the
domestic currency {unds required for the implementation of this project is bearable to

MR as far as the above figure is considered to be the basis of estimate.
Table 13-2-4 Available Amount of Annual Investment
(Unit: Miltion Tugrik)

Deprecialion Reserved Profil Total
1994 3,896 431 4,326
1995 3,974 401 4,374

Although at present MR has no loan balance or interest to be paid immediately,
refundment of the principal and payment of interest for loans agreed to in the past is
scheduted to begin in 1998 and it will come to the peak in 2005, Naturally it has been
ascertained by prestudies that the implementation of the projects will bring necessary
funds for refundment of the principal and payment of interest through the increase in
carnings. However, as the type and scale of MR's cash flow could change significénﬂy in
the near future, MR should carefully check the future prospects of its own profit and cash

flow when introducing further new loans in the future.
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Chapter 14
Evaluation of Master Plan

14-1 Outline of the Project

The trunk line beiween Sukhe-baatar and Zamyn-uud of the Mongolian Railway is an
important transport route in Mongolia. Especially, the railway is playing a key role as the
artery for freight distribution in terms of long-distance and international transport, partly be-
cause of the delay in road development. However, the bridges and carth structures of the
railway are superannuated, and furthermore, natural disasters often occur every year in the
rainy season from June through August. This compels the railway to cancel train operation,
causing enormous unfavorable effects on the Mongolian economy due to the stoppage of
freight distribution in the country. In view of the above circumstances, a Master Plan of the
directly necessary rehabilitation of railway structures has been drawn up, mainly for the Su-
khe-baatar-Bayan section of about 450 km where natural disasters frequently occur.  In this
case, in order to ensure safe and reliable transport throughout the year, care has been taken to
establish disaster-resistant structures or to enable restoration in a short time in case of disas-
ters.

According to the Master Plan, the rehabilitation will be carsied oul in three stages.
The target years of the 1%, 2, and 3" stages are 2005, 2010, and 2020, respectively.

The total amount of the necessary investment is about US$ 26.2 million ( 1¥:US$ 12.4
million, 2°%:US$ 3.3 million, and 3*:US$ 10.5 million)at the price as of August 1996.

Tabte 14-1 shows an outline of the rehabilitation plan which covers 184 places.

Table 14-}  Qutline of the Master Plan of the Rehabilitation

Item - Countermeasure No. of Places Remarks
River bank Bank protect 31pk2-4 : Track transfer
Protection Groyne I 203-209krm : River route transfer
Slope Stability - | Clear slope 22
Track Lifting Lifting 1
Bridge Beam replace " Beam replace : 8
Rehabilitation Repair Repair : 4
Drain Adding drain ‘ Adding : 116
Improvement New drain 138 New : 22
Total 184
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14-2 Evaluation

(1) Technical Aspect

1) Railway structores
In order to ensure stable transport by elfectively coping with frequent natural disasters, a
Master Plan of the directly necessary rehabilitation of railway structures has been drawn
up. In this case, consideration has been given to the present situation of railway struc-
tures of the Mongolian Railway, situation of disaslers, natural conditions, envitonment,
and size of investment,  As shown in Table 14-1, the main disaster countermeasuvres
planned with high priority this time ar¢ measures against embénkmcnt erosion by large
rivers, securing of cross-sectional drainage capacily, measures against falling rocks from
cuttings and slopes, bridge rchabilitation, ete.
As for the implementation of the drawn-up rehabilitation ptan in which the measures for
carth structures (cutting, embankment} account for the most pant, detailed investigations
by river experts will be necessary for some portions such as the flow route alteration of
rivers. However, the implementation of the rehabilitation plan is considered to be suffi-
ciently feasible as a whole, in view of the design and construction technologies of the
Mongolian Railway.

2) Track, station, and etectric facilities
As for the track, station and electric facilitics, although there are problems related to the
superannuation of facilities, aimost all of these problems can be solved by implementing
plans of renewal and replacement which are now in progress or under planning,

3) Transport and rolling stock
The train operation plan has been drawn up on the basis of the existing train diagram by
placing emphasis on ensuring stable transport and on meeting the increase in demand.
Therefore, the number of train can be generally satisfied by ulilizing the existing track
capacity.
As for the rolling stock, it will become necessary to increase the number of rolling stock
and reinforce the inspection and rcpz;ir facilities in manners harmonized with the demand
and the train operation plan.  Since the project of this time is for the disaster counter-
measures and rehabilitation of railway structures, increase in demand has not beén di-

rectly considered in the project. Therefore, it is necessary 1o separately study the num-
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ber of rolling stock to be additionally introduced by type of car, by confirming the
changes in demand and also by considering the repair of rolling stock.
(2) Environmental Aspect

In Mongolia, several laws related to cnvironmental prescrvation have been in force
since 1995, They include laws on Special Protection Arcas, Environmental Protection,
Air, Water, Forest, and Plants. Since this project mainly conceras the rehabilitation
planning of the existing line, the separation of viflages and removal of residents are not
cntailed. The project also does not conflict with regulations on development refated to
relics, cultural assets, protection arcas, ete. It is necessary to pay special care conceming
the vibration, noise, influcnce on plants and animals, river poliution, etc. caused by the
construction as well as the disposal of spoil earth and sand.

However, in view of the object places and contents of the rehabilitation work, unfavor-
able environmental effects by this project will be small on the whole.

(3) Economic Aspect

The cconomic internal rate of return (EIRR) of this project is 12.09%. This value is
considered to be adequate in view of the standards used by the World Bank and other fi-
nancial institutions in selecting projects of developing countries.  Furthermore, this pro-
ject is estimated to be very sigaificant from the national economic standpoint, considering
the indirect socio-economic benefits such as the vitalization of industrial activities entailed
by the project implementation.

{4) Financial Aspect

The financial internal rate of return (FIRR) of this project is 8.34%. It is possible to car-

ry out this project in view of profitability.
(5) Comprehensive Evaluation

This project aiming at the rehabilitation of the railway structures is technically feasible
and will not have large unfavorable effects on environment,

The EIRR of this project from the national economic standpoint is 12.09%. When
other indirect benefits are also considered, this project is estimated to be feasible. The
FIRR from the managerial standpoint of the Mongolian Railway is 8.34%. However, in
view of the funds necessary for other projects of the Mongolian Railway, cfforts should be
maﬁc, in implementing this project, to procure funds taking the financial standing of the

Mongolian Railway into consideration.
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This projcct concerns the rehabilitation planning for the railway structures where natural
disasters in the rainy scason compel the railway to cancel train opcration, and emphasis is
placed on cnsuring stable transport.  From the comprehensive standpoint, this project is
cvalualed to be adequate and also feasibie from technical, environmental economic and fi-
nancial aspects,

Furthermore, the implementation of this project ,coupled with the guarding systems
(such as the checkup by patrol} in use in the Mongolian Railway against disasters will en-
able stable transport on trunk lines of the ailway and will also contribute to the develop-

ment of the sound social and cconomic activities in Mongolia.
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Volume 2 Feasibility Study

Chapter 15
Short-term Urgent Projects

15 — 1 Outline Procedure for Planning Urgent Projects

Since object section 1o be the subject of (72 places) short-lerm uegent projects are many

similar countermeasure in nature, the Rehabilitation Improvement plan will be established in

accordance with outline of the procedure in Figure 15-1.

At first, all object sections with
countermeasure items are grouped and
standard sections are selected from that
group. A standard design, construction
plan, and rough cost estimate is prepared
for the standard section. The results of
analyses and sludy of the standard
section is applied to all other locations
with similar countermeasure items to
establish the Rehabilitation
Improvement plan to accomplish the
short-term urgent improvement projects.
Where analytical data of a standard
section is applied to a similar site, if
special features are found at the similar

site, those features will be incorporated

Object section of Short-term
Urgent Project {72 places)

Grounding of similar
countermeasure items

| Selection of the Standard Sections |

Standard design, execution
planing, and approximate
construction-cost estimation
of the Standard Sections

Application to similar sections
(by considering peculiarities
of the section)

Rehabilitation Improvement Plan
of the Short-term Urgent Project

Fig. 15-1 Procedure for the Planning

in the plan. Comparison table of M/P and F/S, sefer to attached table 15-1.
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15 - 2 Ohject spots of the Short-term Urgent Project

The sites to be subjected to shorl-term urgent project were sclected from the general

improvement plan, on the master plan, depending on the criticality and the importance, based

on field investigation reports, and in discussion with the government of Mongolia. ‘Fhere arc a

total of 72 such sites, as shown in Table 15-1. It was decided to execute a feasibility study for

this work, on schedule to be completed in 2005.

Table 15-1 Object Spots of the Short-term Urgent Project

Object Location of F/S

Item No. of Spots
River bank | 10pk7-10 31pk2-4 S1pk9-52pkl 54pk4-5 |
Protection 7 57pk8-10 " 67pk6-7 208pk1-3
s ope Spk10 13pk3 17pk5-6 18pkl
Stabilily 12 18pk10-19pki 54pk2-3 S7pk% 61pkiD
250pk6-8 251pk2 267pk2-3 282pk9-282pk2
Bri dgc 235pk3 245pkS 25§pk3 285pkl
Rehabilitation 11 289pk1 326pk9 334pk3 338pk10
3420k2 344pk1 356pkl
23pk2 66pkd 89pk7 94km
97pk5 100pk? 125pk8  143pk7
145pk] 168pk4 170pk3 134pkd
190pké 197pk2 210pk6 218pkS
Drain 223pk7 230pk9 235pk3 242pkd
Jmprovement 42 252pk1 253pk3 255pk3 313pki0
| 314pkiI0 329pk7 334pk3 340pkS
345pk6 348pk7 352pk7 356pkl1
389pkl 391pk2 394pk4 39%9pkl
417pk1 417pki0 420pk7 424pk?
428pkd 418pk7
Total T2

15 - 3 Selection of Standard Section

(1} Concept for Selection of a Standard Section

Standard seclion is selected from locations grouped with similar requirements, based

on the concept described below.

DSelect a highly critical site from sites with similar geographic and geologicat

conditions, and from those where train operations can be drastically curtailed during

flood conditions. {(Mainly revetment and slope stability)

(2)Sclect a site with a standard secticn that requires work that is also required by other

structures similar in design cross section, and develop a design and construction

method based on conditions described in ~ above. (Mainly bridge and box culvert
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improvement work.)
@Select standard and applied section by the type of work from those selected by

procedures @ and @ above upon closc discussions with the government of
Mongolia,
(2) Selection of Standard and Applied Section by Type of Work and Application to Other
Similar Sites
Standard scction and similar sites sclected as a resull selection made in accordance
with procedures desctibed (D, @ and @ above and based on ficld investigations are
described betow.
1) River Bank Protection (Revetment)
Standard section includes site of S4pk-45 as revetment as shown in Table 15-2 and a
single project for railway track transfer at 31pk2-4.
- 54pk4-5 is the place where (Orhon River) suddenly curved and the railway track is
1aid at very narrow point between hillock and river.
Through the year, 1 — 3m of river bank are croded, and at this point, train deraited
because of flood swepl away above the rail surface. At the time of site-
investigation (normal current), it was measured 1.8m between the water-surface to
river-bank and 7m from river-bank to the embankment slope face. Under such
circumstance, it is presumed the urgency compared with other slope protection site.
Therefore, should the countermcasure is established by designing at this site, it is
judged that applicabilities to other similar site are possible as standard section of
slope protection (refer to attached material 15-2 of site investigation result).
- As for the slope protection project at 31pk2-4, it is deemed necessary to conduct
slope protection works in future, thus require more of the maintenance cost and
also réquire curtailed train operation on all such occasion of flood, and as a
consequence, it is thought necessary to take drastic measure and came to the

conclusion to change the track-route.
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Table 15-2 River Bank Protection

Applicd Scction

Standard Seclion Countermeasure Remarks
Track Transfer

Hpk2-4 Box culvert 2m x 2m 3lpk2-4
10pk7-10
S1pk9 - 52pkl
54pk4-5

54pk4-5 Revelment S7pk8-10
67pk6-7
208pk1-3

2) Slope Stabitity Project (Table 15-2)

(DIn selection of slope stability project, based on the result of site investigation of
geology, crack weathered condition, boulder and loose rock of the face of slope,
selected the standard section in classifying into 4-type (Fig. 15-2) at 13pk3, 61pk10,
282pk9 — 283pk2 and 267pk2 - 3 respectively judging basically from topographic
features for Rock Poo! (refer to Table 15-3 attached for the result of site-
invesligation).

a, Type!  13pk3 is selected as typical profile section.

13pk3, the slope is consist of the rock comparatively weathercd on surface on

lower parl with moderate grade with gravel at upper position. At the time of

heavy rainfall, this upper past will become loose and rock fall to the place near
to the railway frack, possibly harming the train. Also, since there are other
similar places, would like to make this spot as standard section.

b. Type I 61pkl0 is selected as standard section.

The slope of 61pk10 is consist of totally weathered joint. Therefore, these are

toosing rock 50 - 60cm thick along the joint, some times fall down to the

railway track which requiring to remove this rock which fears to harm the
operation of train at any time. Other similar site, although there are rock fall but
only within the size of 20cm pebbles and similar design and construction
method can be applied, therefore determined as standard section.

¢ Type I 282pk9 — 283pk9 is selected as standard section.

Slope at 282pk9 — 283pk9 is consist of cliff type geology covered with very

weathered earth & sands all over and there are loose rock of 1m - 2m diameter

on slope. This toose rock possibly hamper the cailway track at the time of heavy
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rain along the drop down of 1ocks, At other site (54pk2), there are loose rocks

but they are flat shape rock on relatively flat arca and therefore, it s judged the

probability is low and 282pk9 — 283pk9 is sclected as standard scction.

d. Type IV

267pk2 - 3 is selected as standard section. (Jointly use Blasling.)

Slope of 276pk2 — 3 (use jointly with blasting), is consist of rock with well

advanced joint although the upper part is comparatively not weathercd. The

slope is the shape of cliff and there are over-hung pottions being found. The

lower part is consist of weathered pebbles. Over-hunged mass rocks are in

condition fall down at any moment and if happens, there are possibilities to

bring disasters accident of train. Although there is another site (8pk10) with

hung-over but, in smalter scale. Therefore, 267pk2 — 3 is selected as standard

section.

@ Site 18pk10 through 19pk1 is dealt as an individual site subject to slope surface

preparation and concrete pavement,

Since the railway at 251pk2 is not in danger of being affected by rockfall but the

telephone poles at that location could be affected, it was decided to relocate the

poles.

Table 15-3 Slope Stability

Type of

Standard Section Countermeasure Applicd Section Slope Remarks
Removal of weathered rock 13pk3 I
13pk3 (included installation of rock
bool) 18pki |
17pk5-6 Il
Removal of weathered rock | 57pk9 1] o
61pk10 (included instalation of rock
pool) 61pk10 1l
250pk6-8 i
Removal of weathered rock 54pk2-3 I
282pk9 - 283pk2 g:g:;zded installation of rock 282pk9 — 283pk2 i
Removal of weathered rock and 18]3](10 — 19pk1 i )
concrele lining
18pk10 - 19pki (included installation of rock
pool)
Removal of weathered rock and Spk]{} \Y
. Removal of overhang a—
267pk2-3 (inctuded installation of rock 267pk2-3 v
poal}
25 1pk2 251[)!(2 H Telecommunication

line Transfer
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Heavily weathered Material Moderately weathered rocky slope

Unstable toose boulders

TYPEIV
TYPE] TYPED TYPEIN!

Fig. 15-2 Type of Slope
3) Bridge Rehabilitation
Bridges investigated under this project are over 50 years old and have been exposed to
severe weather conditions. As selected sections for improvements, the following two
sites were selected to provide measures to improve damaged portions of beam bodies
and their overhangs, and to improve damaged ballast stops (Refer to attached Table
- 15-4, Result of site investigation),
(D Replacement of beams (damage of main beam) Standard Section, 334pk3
There found a critical defect found on main beam (Winding crack, bottom part of
beam is hollow, main steel bars are exposed and rusted and vertical crack on beam
suppotting portion), in future, possible structural destruction may occursed. This
bridge is such detroriated than othcfs, it is, therefore, being selected as standard
section. |
(@) Water-proofing and repair works for limited damaged portion (over-hung stabs
ballast curb ctc.). Standard section of 255pk3, the main beam is relatively in good
condition, however, there are cracks found on slab and ballast cubs. Among those

sections, 255pk3 is selected as standard section because crack and damages are

remarkable.
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Table 15-4 Bridge Rehabilitation

Standard Section Countermeasurc Applied Scction Remarks
285pkt 1=9.3m, 1 span
289pk1

e St e 1 [ =13,
T 3a4pk3 [=13.5m, 2 spal
334pk3 Girder Replacement | 326pk9 | L.=13.5m, 3span
- 338pki0
=13
344pkl 1=7.3m, 1 span
] 356pkl L=7.3m, 2 span.
Renaicine Wat (e 235pk3 1=93m, 2 span
cpairing Waterproo - _
255pk3 Layer and Surface gigpg Il“:;'g'“’ ;31’3“ ._
Treatment P 1=7.0m, < Span
342pk2 [=6.3m, 1 span

4) Drain Improvement
Standard section for iﬁaprovcment of diainage facilities include enlargement or new
construction of box culverts, the addition of bridges, and widening of river chanaels.
D Since drainage strﬁclurcs crossing' the railway are deﬁciém in water carrying
~ capacily at present, rainwater runoff can be blocked by embankments and can pond
_ behind it, and slopes collapse répe_atcdly. Rainwater runoff oflen overtops the
railway embankment. ' ‘
Under such conditions, the following standard sections were selected from two
types classified by the structure and the five types classificd by shape.
Flood water currcﬁt volume (calculated from hydraulic data), specification of
various structures, cross section of embankment at site and both side embankment
configuration are used 10 divide into two (2) group (box culvert, bridge) and further
box culvert is dividé into three (3) types and bridge into two {2) types depending on
shape and dimension.

From these classifications, the large volume of flood water current and frequent
occurrence (embankment) site of water current over the railway track are chosen as
standard section following each type as follow:

+ Box culvert, 2.0 m wide x 1.5 m high at 253pk3
*» Box culvert, 2.5 m wide x 2.0 m high at 389pk1
* Box culvert, 2.5 m wide x 2.5 m high at 356pk1
+ Bridge beam BR1, bridge length 11.5 m at 235pk3
« Bridge beam BR2, bridge length 13.5 m at 125pk8
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@ The site 23pk2, within the compound of the Sukhe-baatar station, was selected as

an individual site for drainage facility improvements, and the site 399pk1 for river
channel widening,

Table 15-5 Drain Improvement

Standard Section Countermeasuso Applied Section Remarks
23pk2 Orain Improvement of Sukhe- | 23pk2
) | baatar station yard

253pk3 Box Culvert  (CBC 1) 66pk4 W=2.0m, H=1.5m
85pk7
94km
100pk?
143pk?
168pk4
170pk3
184pkd
190pk6
210pk6
218pk&
223pk?
230pkg
252pki
253pk3
313pk10
329pk7
340pkd
389pk1 BoxCulven {(CBCZ) 97pks W=2.5m, H=2.0m
’ 145pk
197pk2 ]
oazpka |
34pk10
345pk6
348pk?
389pk1
391pk2
394pk4
416pk10Q
417pk10
420pk8
424pk7
428pk4
. e 438pk?

356pk 1 Box Culvert {CBC 3) 356pk1 W=2.5m, H=2.5m
235pk3 Bridge {BR 1) 235pk3 L=11.5m
255pk3
______ _ 334pk3

125pk8 Bridgs {(BR 2} 125pk8 L=13.5m
| 352pk7
399pk1 Widening Channet 399pk1 Investigation of Soil
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(1) Location of countermeasure work for cach section between station

Location of countermeasure work is as shown in Fig. 15-3,

‘Rev 10pk7-10
*RP Spk10,13pk3,17pk5 6,18pk1
S IRpCL. 18pk10-19pk]

National /
border 5
* .- 1 Sukhe - baatar(23)
Lo DISBS 23pk2
SN T ipka
2 Dulaan(49)
“] __[Rev 51pk9-52pk1,54pk4-5,57pk8-10
| T lRP 54pk2-3,57pk9,61pk10
Rev 67pk67 1 ( 3 Yeroo(62)
: Y
CBCI 66pkd )4 Okhon(?3)
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CHAPTER 16

RAILWAY STRUCTURE PLAN



Chapter 16
Railway Structure Plan

16 - 1 River Bahk Protection -
(1) Track Transfer (Standard Section : 31 pk 2 - 4)
1) Peetiminary Design

The scction for track lransfer was selected to avoid erosion damage by the Orkhon

River, The start and finish points for construction were determined to be from 29 pk 1

and 31 pk 5, with a total track transfer length of 2.5 km. The maximum transfer

distance is approximately 170 m from existing railway line at the point of 30 pk 2. The

plane and p.ro‘ﬁtc of this seciion is shown in Fig. 16 -1 -1. The planning for track

transfer works were decided by the conditions below;

a. Design Criteria
The design criteria for the track transfer plan uses the design standard given in
Chaptér 8. .

b. Railway Formation Level
The existing raitway section near 30 pk 5 is submerged to bottom of sleeper in flood
seasons. The prdpoéed new railway formation level is to be higher than the existing
rait-level. The difference of rail-level between start and finish points is approximately
6.0 m, while 0.8 percent of approach grade is introduced for both ends for covering
difference height, to lifting up the rail level by 1.5 m.

¢. Embankments and Cuttings
The slope gradient for embankments and cuttings is indicated in Table 16-1-1. The I
1.5 slope is used for the new alignment, however at 20 pk 40 the level is more than 6
m, 1: 1;75 stdpc is introduced. |
‘The material for embankment is hauled from the cutting section. The soil comprises

mostly silt with pebbles, and  vegetation is to be provided for  slope protection.
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Table 16-1-1  Slope for Embankment and Culting

115 (h=6m)

1: 1,75 (h>6m)

1:1.5 (for carih)

Cutting Slope 1:1.0 (for soft rock, h<6m)
1:0.2 (for hard rock)

Embankment Stope

d. Protection from Frost Heave
The under ground water level is located approximately 1.5 m deep from the ground
surface. Gravel with high permeability is used as the foundation material for
embankments to protect against frost heave.

e. Drainage
Box culverts {2.5x2.0) are to be installed at 29 pk 75 and 30 pk 70, because hill
slopes are located behind the planed track transfer line, and surface water will
concentrate at these locations.

2) Construction Plan

Access to the site is possible to use existing temporary road from the national road to

the construction site, and construction equipment and material can be transported by

using this road.

a. Consteuction Period
The Sukhe-baatar Meteorological Observatory located 6 km from this construction
site reports that the lowest temperature is minus 46 degrees C. and highest is 34
degrees C. April to October is the period for construction works, to avoid the severe
cold season. Two years are required for the track transfer works.

b. Civil Works
Hill area located from 29 pk 90 to 30 pk 60 will provide the necessary material for
embankment construction. The hauling distance is only 5~600 m, and as there ar¢
no steep slopes, then bulldozers, bucket loaders and trucks can be mobilized for this
work.
Perforated drain pipe with 30 to 40 cm diameter will be instailed for protection
against sliding of the embankment on the existing hill stope. The drain works are also
effective for protection against frost heave.

c. Track Works
The ballast will be procured from the Darkhan quarty site. The ballast is roller
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compacled until 5 cm below sleeper bottom, PC sleepers are placed on the ballast and
25 m long rails are installed with elastic fastenings. The finish work is implemented
by adding ballast, and lifling rails and tamping by tic tamper. The general

arrangement of the track profile is indicated in Fig. 16-1-2.

q.
3,250 3.260
2
1. 1,029 "
3 1 ¥ 200

160
1.150_ ' 1,150

Fig. 16-1-2 Track Profile

d. Rail Connection
After the completion of civil works, viz. track work and relocating the
telecommunication cablé, new frack and existing track at 29 pk 00 and 31 pk 50 are
~ connecled during a train interval.
3) Quantities / Construction Cost and Construction Schedule
Table 16-1-2 indicates the quantities / construction cost and Table 16-1-3 shows the

construction schedule of the track transfer work.
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"Fable 16-1-2 Quantities and Construction Cost

Unit: 1000 USS
Ancunt
ITEM Unit] Qty. Local Foreign Tolal
- Personne!| Material] Tola [Personne] Material]Equipment Total
1., Civil Work ‘ :
Embankment cu.m| 58,000 6 0 6 0 0 1,077] 1,077} 1,063
Cormmon excavetion cum] 90000 © of o 0 0 500 s 50
Concrete box cutverd m 190 - . . 10]: o 10 0 61 0 61 71
Concrete box cutvert ml 100 o 8 0 31 of 31 %
Wing weall set 2 1w 1 L 79 2o
Subtotal . 22 10 32 0 .94 1,134] 1,228 1,260
2, Track work .
Trok work for rerouting m | 1,700 %2 0] 252 0 0 68| 628{ 880
Removal of existing rails day 30 6 -0 6 0 0 0 O 6
Subtota 258 0 ' 0 0 628l 628 886
3. Relocation of Telecom Cabld 1 1 15 Q] 15 0 81 o 8 o5
Total 295! 10| 305 g 175 1,763 1,957] 2,242
Table 16-1-3 Work Schedule for Track Transfer
Work ltem 1 st Year 2 nd Year
1{ 2| 3] 4} 5] 6] 7t 8; iopig2 2| 37 4} 8] 8] 7} 8| ojio[t{i2
1 Mobilization
2 Relocation of Telecom Cable
2 Civil Works
1} Embankment
2) Cutting
3) Drainage
3 Track Work
1) Ballasting
2) Sleeper p
3) Rail
4 Sodding -
5 Finishing Work
6 Demcbilization !
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(2) Revetment Works (54 pk 4~ 5)
1} Method of Revetment Works
River banks are destroyed from foot by river scour sometimes. The river bank
protection components comprise three structures; the bank slope protection, protection
of slope toe and the other foot protection against river scour. The structurc of slope toe
protection consists of riprap and gabion protection.
The concrete lined ditch along the track will protect the raitway track structure from
flooding, ‘The layout of revetment at 54 pk 4 -5 is indicated in Fig. 16-1-3 and the

general drawing of structure is indicated in Fig 16-1-4.

Gabion (0.5 x 0.5 x L)
“ ot
-.g}'
=/ .
% Driinsge

Fig. 16-1-4 General structure of Reverent Works
a. Slope Protection
- Protection Material for Blanket
The blanket protection material (geotextiles) is installed between the bank slope
and riprap covering to protect against encroachment from the river flow.
- Riprap on the slope
The Orkhon River was classified as Segment 2-2 in the Master Plan, Based on the
condition of river characteristics, the thickness of riprap is estimated to be more
than 1.2 m and to protect against scour, boulders to be used are about 40 cm
diameter. The calculation procedure for thickness is described in Appendix. The
size of mesh boxes of the gabion mattiress on the slope is 0.5 m (height) x 0.5 m
(width) are installed 5 m intervals. The slope gradient of riprap is planned at 1: 2.
b. Ripfap on foot
The gabion, which has flexible body and provides strength against scouring, is
installed as foot prdtcclion. The size of each gabion is 0.5 m (height) x 1.0 m
(tength) x 1.5 m {width).
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c. Drainage
It is reported the oxisting railway formation is inundated by river water in the flood
scasons, drainage is provided along railway line to protect the raitway formation.
In order to protect the railway formation, a concrete lined ditch should be provided
along the track. The size of dilch is 0.6 m (height ) x 0.6 m (width) lined with
concrete,

2) Construction Plan

The revetment works will be implemented during April to October. The proposed

conslruction plan is ;

a. Trimming Slope
A Back hoe will trim the slope where the river bank slope is irregular.

b. Installation of Back-filling Material
The back-fill material is installed at the design position.

c¢. Mesh Box Gabion o
The net box gabion is installed at the designed position.

d. Riprap Foundation
The slope of the riprapis 1: 2.0.

¢. Installation of Ribs and Riprap Work
After trimming of riprap, the gabions arc assembled near the river site, and installed
at 5 m intervals at the design position by 10 ton crane, and filled with riprap.

3) Quantities and Cost
The quantilies and cost of the standard case arc in Table 16-1-4 and the

implementation schedule is shown in Table 16-1-5.

16-8



Table 16-1-4 Revetment Works: Quantities and Cost (54 pk 4-5)

Unit: 1000 US$
Amount
Work item Unit]  Qty. _Local Forelgn Total
Labor [Material| Total | Labor [Material Equipmenl] Total
Common Excavation J cumt 16 0 0 4 | ¢] Q 0 1 0
Embankement cum| 68 9 0 0 0 0 1 1 1
Riprap cum| 1,992 ] 1 a1 2] o 0 gl 3] o5
Wire Sylinder cumf 3,713 22 63 85 0 65 i2 77 162
Blanket sqm| 3,713 9 0 gl o 5 1 5] 14
Concrete Lined Dith m| 200.00 0 '5]. 5 0 .0 1 1 6
Total 32 89| 121 0 70 170 87| 208
Table 16-1-5 Work Schedute for Riverbank Protection
~ Work Item 1 2 3 4 |'5 | 6 7
1 _Mobilization fre———
2 th&clearing : :
3 Riprap Work and Formation
4 - Gabion Work ' M
5 Draining
6 Final Work | —
7 Demobilization  ——

Note: Above figure is indicated the month
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(3) Applied Section

Table 16-1-6 shows additional requirements for applied sections.

Table 16-1-6  Requirements on other Applied Sections

Applied Section

Requirements

10pk7~10

Erosion of this point is caused by the revetment which has been in
progress at 11 pk, Erosion of river bank is rapidly procceding, which
should be studicd further to find a plan of slope brotection. But the water
tevel come up to the railway formation level often during the raihy

season. Drainage system should be studied on this section.

51pk9~52pk1

A 500m’ tiprap was put in 1987, however river bank is eroded by every,
year. Drainage is required because flood water covers railway formation

level often. Future study is necessary 1o detained the scope to protection

works,

57pk8~10

Riverbank protection work is not yet made, consequently the bank is
eroded by 1~2 m every year. Curved railway line are located among hill
slopes close to the river. Water level often comes up the formation level
and MR restricts the operating speed at 15~20 km/h in flood seasons.

Drainage system should be considered in this section.

67pk6~7

The Orkhon River meander, like a hairpin, railway line is eroded 2~3m

in every year. MR made urgently 500 m® temporally riprap works.

208pk1~3

The Haraa River runs parallel to the raitway line in sharp spin styles,
croding the bank by 2~3 m per year. MR put in riprap works of 1,000
m’ riprap works in the past. Road locate between the railway and river,

which is also covered by water in occasiosnat Railway embankment nceds

to be protect from the river score floods.
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(4) Total Quantities and Cosl

The total of quantities and cost of the revetment works are in Table 16-1-7.

Table 16-1-7 Revetment : Total Quantities and Cost

Unit: 1000US$

Amount

Location Lﬁ;m Local Foreign | Tod Rermark

N abor | Metedal] Total | Labor | Meterid |Equi Total

Ipk 24 200 204 1l as] o 174l 1,783 1.937] 2242|Standard Section
10 pk 7-10 300 62 1e5] 228 0 144] 351 179 407 Apelied Section
51pk9-52pk] 300 49, 136 185 0 113 29 142]  3e7)Applied Section
54pk4-5 200 32 g9 121 0 70 171 87 Applied Section
57 pk 8 -10 300 48 136 1 of 10 28] 137 Applied Section
67 pk 6-7 250 45 1271 172 of 1 271 130  202Standard Section
208pk1-3 * 37| 103 140 0 85 20 107]  247|Appiied Section

Total 567, 767 1.4 of 708 11| 2719 4,063

* Replacemert of Telecommunication Cable
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16 -2 Slope Stability

The protection  plans against falling rock were determined by considering the slope
configuration, avaitable equipment, work safely , maintenance capabilities and environment,
Appendix 16-2-1~5 indicates the slope characteristics for each standard section.

(1) Preliminary Design
Plans can be classificd into several types. Locations, standard plan type “and
combination of method égainsl falling rock are in Table 16-2-1. Table 16-2~6 shoWé
slope configuration and protection method for the standacd section,

Table 16 -2 -1 Improvement Program for Standard Section

Standard Section | Slope Type | OH | FP | WR |CDR| RP | CL [ LR
13pk3 | 1 | olololojol -] -
61pk10 Il O O O | O O

282pk9~283pk?2 I - - - : -1 - 10
18pk 10~19pk1 I O jlojtoclo|OolO]| -
267pk2-3 v clo|lo]J]olo} -] -
251pk2 I - : - : o B

O.H :Overthang  F. P:Food Strength ' W.R :Removat of Weathered Rock
C.D.R : Removal Sedimentary Rock  R.P: Installation of Rock Pool.

C.L: Concrete Lining  L.R: Removal of Loose boulders,

251 PK 2 is relocation of Telecom Cable

a. Removal of Overhang
This work intend to remove overhanging unstable portion of the slope and cleft rock,
while the parent rock will be secured by foot protection concreting,.
b. Weathered Rock
The following numerical values will show the classified stable slopes on which
weathered rocks are located.
Hard rock 1:03~1:08
Soft rock 1:05~1:1.2

Rock removal is required when the slope exceeds above value.
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Table 16-2-2 Slope Characteristic and Protection Work (13 pk 3 )

Applicd Scction Siope Charsacteristic

18pkl The slopc consists of  two layers. Weathered tocks exposed on upper part of the
slope susface and the lower pait is composed of bed rock with well developed

joints. Some shrubs covers both side of slopes.

Remaval of overhang

Foot protection

Removal of weathered

6.1 ~___Slope surface

2.1

.7< Removal of depositfrocks

!
TN

Rockpool construction
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Table 16-2-3 Slope Chatacteristic and Protection Work (61 pk 10)

Type  |Applied Scction Slope Characteristic
11 17pks-6, 57pk9|Weathering remarkably proceed onto slope and consists of two
250pk6.-8 strata. Upper part makes cliff and lower pact are piled by talus
cones.

08
1.0 V

Removal of overhang

~,__ Foot protection

Removat of weathered stope surface

’
\)< Removat of collusive depositfrocks
/

/

| N Rockpool eonstruction
)

(m
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Table 16-2-4 Slope Characleristic and Protection Works (282 pk 9 ~ 283 pk 2)

Type Applied Section Slope Characleristic

111 S4pk2-3 Weathering remarkably procecd onto steep slope and consists
of two part. Upper part makes stecp slope and lower part
makes slope by talus cone. One meter size boulders locates
which comes {rom upper part’s exfoliation of soft layer.

~ Remaval of loase boulders
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Table 16-2-$ Slope Characleristic and Protection Work (18 pk 10 - 19pk1)

| Type

Applied Scction Slope Characteristic

Non Siope characteristic is samic as 13 pk . Slope toe is close to railway line.

0.5-10
1.0

Foot protection Y

Removal of weathered
slope surface

Rock anchor (SD30)

. ol
Conciete lining (1:0.5)

“~+ Removal of depositirocks

Drain (¢ = 6 cm)
Rockpoo! construction
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Table 16-2-6  Slope Characieristic and Protection Work (267 pk 2 ~ 3)

Type

Applicd Section Stope Characteristic

v

Weathering remarkably proceed onto slope and consists of two
stratums. Upper part formed by rock cliff and lower part

8pk10

cavers by talus cones.

0.5-3.0

10 |/

Removal of overhang

Foot protection

Removal of weateredslope surface

% 29

/
p 7 Removal of collusive deposit/rocks

I BN ’

""l< Rockpool consl.rﬁclion

{m)
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¢. Installation of Rock-pool (Rock Fall Zone)
Open arca which can hold fallen rocks may provide prolection against to the railway
track. The width of rock-pool is determined by the rolling length from slope toe to
railway line.
L =h/sin @
here;
L: rolling length (m)
h: height of locus derived from location of fall
(ex. fall occurs at 10 m height, h=1.3m)
6 : angle of slope

then;

o

in case of angel slopeis 45 , theace L=1.8m

Most of slope angle for surveyed areas are less than 45 . However this project will
be introduced 2.0 m wide zone for falls, which includes a 1 m allowance for the depth
of pile of rocks.

d. Removal of Loosé Boulder and Foot Strengthening
The removal of loose rock will be carried out together with the removal of  weathered
rock. If larger size rocks need for removal this work may cause neighboring rocks to

be fallen andfor warsen the slope stability conditions. This slope should be strengthen
with foot fixing concreting.

¢. Conerete Lining
At section 18 pk 10-19 pk, it  is proposed to use the lining method, When clearance
is required between the raitway and the toe of the slope, the toe must be excavated for
widening and the slope of the Jining should have values at 1:05. ’i"hen the concrete
lining is used to protect the exposed rock’s surface against weathering with
reinforcement and anchors as necessary.
Drain pipes with 6 cm diameter will cast into the base of the lining.

(2) Coanstruction Plan

The protection method will be selected in consideration of the slope. The removal

work is from top to bottom for safely reasons. April to October is ptanned for the

working period. Temporary protection amrangements are required for safety train

operations during the works.
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a. Overhang Removal Work
The unstable large sized overhanging rocks are removed by a controlied blasting
method using a covering sheet to minimize the blast influence on railway operations.
Small sized overhangs will be removed by breakers, Scaffolds will be provided for
safety at work. There is also static blasting method by use of chemical expansion, but
this depend on availabilily of material procurement.

b. Weathered Rock Removal
This project uses manual methods instead of machinery. The area of excavation is
determined by the slope conditions,

¢. Installation of the Rock-Pool
The open rock pool will be constructed at design spots.

d. Loose Boulders Removal and Foot Strength Works
Removal of loose rocks follow the same method as that of the weathered rocks. The
foot strength work is recommended to underpin the larger boulder to a provide stable
condition where removal is not suitable.

¢. Concrete Lining Work
This method is used in the locations where space between slope toe and raitway line is
tess than the tumble length of falling rocks. The rock fall zone is made by  excavaling
part of slope toe, with the concrete lining providing protection for the excavated face.

f. Relocation of Telecommunication Cable
It is forecast to occur the rock falling at the 251 pk 2. This project propose the
relocation of telecommunication cabte, white it is considered railway track is too far
from the toe to be affected.

(3) Construction Cost and Implementation Schedule
Table 16-2-7~8 are indicated the construction cost and implementation schedule for the

standard section.
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Table 16-2-7 Quantities and Cost

Unit: 1000US$
Location ltem unt | cay. Toad
Subtotal] Personnal| Metesiai suttotal|

13 |Removal of Deposit Rock com] 304 0] o] 0 0 3 3
{Excavation for Rock Poci com| 660 0 0 o 0 0 o 4

Concrete Lining wm ¢ 0 0| 0 0 0 o

Removal of Qverhanging cum) 124 1 0 i 0 O 3 4

Faat Strengthering oum|  § 0 1 1 0 0 o 1

{Removal of Weathered Bouiders | cum| 747 3 of 4 o] o 12
Total 4 5 o 0 19 2qf

61pk10 Removal of Deposit Rock cumy 1,445 2 0 0 0 = R L
Excavation for Rock Poot cum) 570 0 0 o 0 0 3 3 3

Removal of Overhanging cum] 94 0 0 o 0 0 2 2 2

Foot Strengthening cum| o 0 o o o 0 0 0

Rerhoval of Weathered Boulders § cum| 5671 2 0 2 0 0 7 7 9

Tolal 4 0 4 i 0 a o

280pk9 283pk2 [Removal of Loose Bouders [ oum| 2,010 7 0 7 0 0 2o 2 27
Totd 7 7 0 o o] 27
18pk10- 199Kt [Siope Toe Excavation oum| 252 0 0 o of o 4 4 4
Excanetion for Rock Pool wm| 242 0 9 o 0 0 % 1 1

Concrete Lining wml 225 12l o8] 49 o I

Removal of Overhanging oum] ) o 0 o of o | R 1

Fook Strengthering wm| 1 0 0 0 0 o) 9 o 0

Removal of Weethered Boulders | cum} 1771 1 0] 1 0 0 2 4 3

' Toad 1 o 3 ' 5 o

TR Removal of Deposit Rock cum) 1,875 3 0 3 o o 1o o
Siope Toa Excavation wm| o o o 0 0 0 o o

Excavation for Rack Pool cum| 82 0 0 o 0 0 3 3

Concrete Lining am] O 0 o 0 o o o o
fRemoval of Overhanging cum| 1| 4 0 1 o 0 3 4
Fool Strengthering com| 7 o 4 of  d d

Removal of Weathered Boutders | cum] 781 3 0 3 0 o o 1

Removal of Loose Bouders Joum] 0 0 0 o 0 o 0 0

Tolat 8 0 8 0 0 3| 4

sipke Replacement of Telecom Cable | LS 0 o o 0 5 5
Toid 0 0 5 5

Geand Totat 3%, 157] 2o2
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Table 16-2-8 Construction Schedule for Slope Stability

Location

3

5

1
1]2[a] 4

1] 23]

4
1]2] 3]s

i|2]3]4

6 Ramarks
1|2|3|4

3pia(Typat)

1 Mobilization

3 hours/day

2 Removal of overhang

5 daysiweck

3 Removal of weathering Slope

4 Fook protection

5 Removal of collusive deposit

6 Excavation of rook pool

& Domobilization

81pk10 (Typo 1)

n g
1 Mobilization ——

datto

2 Romaoval of overhang

3 Ramoval of weathering slope

4 Foot protection

5 Removal of collusive deposit

6 Rock exicavation at siops 1oa

7 Bxcavation of rock pool

8 Demobilization

o Z82DRO 2000

1 Mobilization

2 Removal of looss Boulder

3 Demobilization

18pk 10-18pkd

1 Mobilization

2 Remaval of overhang

3 Removal of weathering stope

4 Foot protection

7 Rock excavation at slope loa

8 Excavation of rock pool

9 Concreda Lining

8 Demobilization

: 2670k2-3

1 Mobilization et

ditio

2 Removal of overhiang

3 Removal of weathering siope

4 Foot protection

5 Ramovl of collusive deposit

7 Excavation of rock pool

8 Demobilization
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(4) Applied Scction
Table 16-2-9 is indicatcd comments for the implementation works at the applied

seclions.

Table 11-2-9 Requirements on Applied Section

Type | Applied Section Requirements

I 18pk 1 Rock weathering is not as severe compared with 13pk1.
However many unsuitability rocks are on the slope and
removal work is required with careful caution not

accentuate instability in adjacent slope.

II 17pk5-6 same as 18pk1

57pk9 There are two types of slope, one is the collapsed slope
which have the possibility of rack slide coming close to

railway line .

Removal works requires careful action and protection
programs may include such as building stone walls to
protect the railway formation and side ditches to

prevent flooding of railway.

I [250pk6-8 same as 57pk9

1t S4pk2-3 The space along the railway is cleared since the forest
road runs at 282pk9~283pk2 in parallel to the railway.
However this section has rock piles close to railway,
and their removal is recommend to have clear an open

space.

v 8pk 10 There are much more rocks piles at toe of the slope
more than at 267 pk 2~3. Such piles need be removed

and slope toe should be strengthened.
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(5) Tota!l Quantitics and Cost

Table 16-2-10 is indicated the project quantities and construction cost for slope

stability.
Table 16-2-10 Total Quantities and Construction Cost
Unit ; 1,000US$
Lengit Amount l
Location Type (m) Local l Foreign_ Total Note
Personnel Materiaf SubtotafPersonnetMater Equipment Sublotal
8 pk 10 v | 200 9 0 9 0 1 41 42} si1jAppliod Section
13 pk 3 { 200 5 0 5 0 1 18 19] 24]Standard Section
i7pk 5~6 1 150k 5 0 5 0 0 2 22| 27|Appied Section
54 pk 2~3 T IR 1 1 2 0 0 5 5] 7)Applied Section
5T pk 9 li 300 I 7 g 1 39 40]  47]Applied Section
61 pk 10 TR 4 0 4 0 [ 27 271 31]standard Section
250 pk 6~ 8 i} a0 8 1 of 0 1 40 41]  solApplied Section
282 pk 9-~283pk2] W { 400 7 0 7 0 [} 20 20] 27]Standard Section
18 pk 4 | 20 5 0 5 0 0 17 17] 22| Apptied Section
18 pk 10 ~ 19pk 1] 1 1501 11l 28 41 of 35 16 s1]  oz)standard Section
267 pk 2~3 v | 50 7 1 8 0 1 34 25|  43]standard Section
251 pk 2 nl - 0 0 0 5 0 s|  s|standard Section
Total 71 31 102 0] 45 279 324] 426

Note: Location of 251pk 2 is refocation of telecom cable work
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16 - 3 Bridge Rehabilitation
(1) Girder Replacement

Preliminary design for girder replacement is performed on 334 pk 3 bridge which is

sclected as a typical bridge for the design.

1} Preliminary Design

Propertics and allowable stresses of the materials and loads used in the preliminary

design are given in the foliowing;

a) Materials and Allowable Stresses

__Material Type, Class Allowable Stress
Concrete g ck=240 kg/sq.cm 90 kg/sq.cm-
Reinforcing Steél SD35 2000 kg/sq.cm
b) Loadls'
Load Description Remarks
Live Load S-14 :
Impact Load i=10/(20+4L) | L: Clear span length

Reinforced Concrete | 7 =2.5 ton/cu.m '
Dead Load | Ballast 7 =1.9 ton/cu.m

Track Panel 7 =0.75 ton/m

c¢) Results of Preliminary Design

The typical cross section and its details at the mid span of the bridge resulting from

preliminary design are given in Tab. 16-3-1 and Fig. 16-3-1.
Table 6-3-1 Outline of Main Girder Dimensions at Mid Span of the Bridge

L ocat Girder Len. Girder Girder Bar R .
OSOM 1 m) | Depth {em) | Width (mm) | Arcangement | FERE
334pk3 | 135 150 700 D32, 3 layers | T Girder
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85071

o 4300 ___

Fig.16-3-1 Typical Cross Section at the Mid Span of 334 pk 3 Bridge
Dimensions at mid span of other bridges with such span length of L=11.5 m, L=3.5 m
and £.=7.3 m are¢ given in Appendix 16-1.
2) Consltruction Plan
a. Construction Perfod

Construction period of girder replacement per span of the bridge is illustrated in Fig.

16-3-2.
Description Remarks | Da,
[ 7 5 5 T ¥ b
Mohitization
Ehrs
Removal of rzils and ballast

Remavid of existing beams

Danolition of &e beam 10 ca eday ¢

SSays*8-30h1s
Relubilintion ofpearing shoes

Frection of malpbeams? girders  [Jhrsgirder

Waterproofing

Ballasting and wack laying

Consiruction of dlaphragm

D mcbilization

Sdays*B=40urs
N PR - ...,,,I.“... PR o

8-hear working hour gev duy

MR's 12510n o isvsed for removalieraction of bears.

15 daysfor fabricationof 2 T-beamn al the concreie fadory aside fom dwove schedule at e site.
OT/f Overime

NOTE:

Fig. 16-3-2 Construction Period
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b. Construction Method

Removal of the existing girders and crection of new girders are 10 be exccuted by the

125 ton-cranc which belongs to the Mongolian Railway. The concrete girders are

fabricated in a concrete factory to be transported to the erection site which are erected

after removal of the existing deteriorated girders.

The maximum workiag arca , i.¢. the maximum operation radius of the crane boom is

estimated as 10 meters considering the estimated weight of the concrele girder is

about S0 tons. Details shall be determined and be designed in accordance with the

actual rated lifting capacity curve of the crane.

3 ) Quantities and Costs

Quantities and costs for construction of the standard bridge are shown in Tab. 16-3-2.

Tab. 16-3-2 Quantities and Costs

Unif; US$ 1,000
. Local Foreign
hem ot | Qty. Personnel | Othors | Sublotal | Personnel | Material | Equipment | Sublotal Tota)
Erection of
New Girdors Span 2 7.4 83 15.7 0.0 17.0 6.5 235 39.2
Removal of
Existing Span 2 23 0.0 23 0.0 0.0 33 3.3 56
Girders
Riprap
Protection ol | cu.m | 136.2 0.3 4.6 49 o0 1.3 1.3 2.6 7.5
Embankment
Miscellaneous | LS i 1.1 0.1 1.2 0.0 2.7 33 6.0 7.2
Total 11.1 13.0 241 0.0 21.0 144 354 | 595

4 ) Total Quantities and Costs of Girder Replacement Work

The total cstimated quantities and costs of girder replacement work are shown in Tab.
16-3-3.
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Tab., 16-3-3  Total Quantitics and Costs for Girder Replacement

(Ut US$ 1,000}

Bridgo | No. Concrets |Revars Locat B Foceign B
No! Location | Length| of ) (mn)b personnet omer| 5% |p rstoriat ciomend 59 | T4 Remarks
m |span . sonnet|Giher| | ) ersonne i eiria:, Aqunpmen. total ]

Applhed

t|esepki] o3 | 1| 2092 [ 335 a2 jes|[wi] oo | 63 | 79 142|252 PP
| ] - o Section |
Applied

2| 289pki | 1356 2 87.62 14.89 i1.4 130 243 0.0 21.¢ 14.4 36541 69.7 pp[e
1 . Section |

Applied

3} 326pkg | 136 3 131,42 | 22.34 15.1 17.1] 32.2 0.0 309 16.0 4691791 ppl.
fffffff Section

.
4] 334pk3 | 135 2 §7.62 14.88 1.2 3.0 24.1 0.0 21.0 14.4 3541595 Apps.ed
1 Section
fied

5338pki0f 7.3 1 17.75 2.66 36 64 1 100 0.0 5.2 1.5 2.7 ] 22.7 Appi
1 o Seclion
Standdard

6| 344pki | 73 | 1 17.75 | 266 35 |s4|1w0] o0 52 75 | 327|227 |22
) Sgction

Applied

T 356pk! 7.3 2 35.49 532 6.1 8.0 | 141 0.0 9.0 105 1951337 pp{
Section

Tota! 55.2 TO.7TN25.9 0.0 08.6 782 176.8]302.7

(2) Bridge Repair

Prclimihary design of the bridge repair is carried out on 255pk 3 bridge selected as a

typical bridge.

1) Preliminary Design and Construction Method

a, The method of bridge repair is as

following;

Repairing

waterproof

layer

with

bituminous material system shown in the

right is recommended. Resurfacing of

waterproofing !ayer with bituminous

|

__Maar Peolection with wirs mesh$=40 mm.

pfing t= 10 mm

ﬂninouswn:rpm

Z

19

\

—

\_‘\

=

material with 10 mm thickness and protection mortar with 40 mm thickness are used

to prevent water seepage into the concrete which may induce further progress of

concrete deterioration due to freezing and thawing in the bridge components.

Temporary supports shown in Fig. 16-3-3 is used to support track panels during

consiruction not to disturb train operations, which will be installed on the slab

" immediately after removal of existing ballast and deteriorated waterproof layer on the

‘bridge.
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Sleepers

7/ 7/%?7@5&

/Tt MmPOrasy S!:cpcr Supprot

Concrele Slb

Temporary Ballast Stopper

b. Surface Trcatment

Efflorescence and exudation with lime are observed in ballast walls and concrete
slabs of some bridges. Damage duc to spalling is found on concrete surface

occasionally. Surface treatment with a three-layer treatment method with epoxy resin

Fig. 16-3-3 Temporary Support of Track Panel

materials as shown in Table 16-3-4 is recommended to prevent further deterioration

due to penetration of waters, freezing and thawing,

Tab. 16-3-4 Materials and Meshod of Surface Treatment
, . . . Coaling e
Description . Material Execution Method
| | (kg/sq.m) -

. | Primer | Epoxy resin 0.1 | Brush or roller

Undercoating T : T —
Puity Epoxy 1esin putly 0.3 Spatula or hawk

Second coating Flexible epoxy resin | 0.26 Brush or roller’

Surface coating Flexible polyurethane | 0.12 Brush ot roller

‘The surface treatment system shall be tested to confirm its applicability by exposure

testing under such cold climate like Mongolia.

c¢. Recasting Concrete

Pattern cracking, which might be caused by freezing and thawing, however which

is not struclural defects is observed in the abutment at 342pk2 bridge. The

deteriorated portion will  be removed to be repaired with recasting concrete method.

d. Others

Installation of drips and improvement of drain pipes, of which details are given in Fig.

16-3-4 are required to discharge water to avert waler seepage into the concrete slab
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and/or ballast stopper

thawing.

Fig. 16-3-4 Details of Drip and Drain Pipe

e. Work Period

- Work period of waterproofing improvement is shown in Fig. 16-3-5.

__ Depoeiption

Femeco | 11 2

3

e

[] 1

)

-] Motilzalion

Baflast removal

Tempiiry sapporl

Wateiroobag
Mortar Protecion
Truck Festratica
Surface Trcalenent

Jemciilization

T

NOTE:

8-how wo
Al works

Fig. 16-3-5 Work Period of Waterproofing Improvement

rhing hour pa day
sh:fbc caried ot withoo! fam opcntior swponsion

2) Total Quantities and Costs of Typical Bridge Repair

Total quantities e_i;id'costs"c'of bridge repair work are shown in Tab.  16-3-5.

Table 16-3-5 Total Quantities and Costs of Bridge Repair Work

which may induce adversely affects due to freezing and

Cast ironcap
1=10 mm, 12 holes

_ __{Unit; USS 1,000
Bridga | Water- | Surface | Conc. Local Foreign

No |Location [Length |Proofing | Treat. | Repair| Per- Sub- | Per- . . Sub-| Total |Remarks

™ | Sam | Sam | cum | sonet] 9P| Totat jsonnet | MatET! Equipment| go1
: Applied
i |235pk3] 93 38.1 459 0.0 07 4.7 5.4 00 4.8 1.3 59| 1.1 Section
Applisd
2 {z245pkh | 93 | 381 459 0.0 0.7 4.7 54 0.0 35 1.3 491 102 Section
' _ ' Standard
3 | 235pk3] 7.3 299 297 | 00 0.7 4.6 5.3 0.0 46 13 59| 11.2 Section
s laazp2| 60 | 00 | 00 | 50 {03 | 0o jos] 00| 14 00 |14l 17 [P
Total 106.1 i21.% 5.0 24 140 1164] 00 14.1 39 18.0} 343 ]
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16-4 Drain Improvement

Hydraulic analysis by the Mongolian Railway is used to determine the required
discharge volume and dimensions of the drainage facilitates to improve the present conditions,
Reinforced concrete culverts and/or bridges will be constructed to improve drain conditions at
cach location where necessary. Dimensions of the culvert sections used in the design are
shown in Tab, 16-4-1. Reinforced concrete wing walls and aprons are to be constructed at
the inlets and outlets of the culverts while riprap bank protection is planned behind the
abutments to prevenl erosion of the embankment during floods.

Tab. 16-4-1 Dimensions of Typical Culvert and Bridge

Symbol | Location Clear Sg;:z,[il:;:hﬂetght, Remarks
Culvert
CBC1 253pk3 20 m' 15 m Reinforced concrete box culvert
CBC2 389pk1 25 m. 20 m Reinforced concrete box culvert
CBC3 356pk1 25 m. 25 m Reinforced concrete box culvert
CcocC 23pk2 25 m 25 m Reinforced concrete box culvert
Bridge
BR 1 235pk3 115 m Reinforced concrete T-beam bridge
BR2 125pk8 135 m Reinforced concrete T-beam bridge
(1) Design Condition

Conditions for preliminary design are in the following:
1) Materials and Allowable stresses

Materials and allowable stresses used in the preliminary design are as following;

Material Type, Class Allowable stress
Concrete | Superstructure, Culvert | o k=240 kg/sg.cm | 90 kgfsq.cm
Substructure 0ca=210 kg/sq.cm | 80 kg/sqem |
Reinforcing steel ) SD3s 2000 kg/sq.cm

16 - 30




2} Loads

Loads applied in the preliminary design are as follows;

N Lo;d ) Description Remarks

Live load S-14 ]

Impact load i=10/(20+L) I.: Clear span length |
Reinforced concrete | 7 =2.5 tonfcum- - i
Ballast =1.91 .

Dead load L onjen.m
Track panel 7 =0.75 ton/m
Embankment 7 =1.8 ton/cu.m

(2) Box Culvert

Preliminary design is carried out on the selected typical struclures such as teinforced
concrete box culverts located at 253pk3 {CBC) , 389pk1 (CBC2), and 356pk1 (CBC3)
and reinforced concrete open culvert at 23pk2 (COC. Sukhe-baatar Station Yard) .

1) Preliminary Design and Construction Plan
a. Preliminary Dcsigﬁ
Dimensions of the section of culverts and outline of bar arrangement are shown in
Fig. 16-4-1 and Tab. 16-4-2.
Tab. 16-4-2 Outline of Bar Arrangement

Bar Arrangement
Top Slab/ Side Wall Side Wall Bottom Slab | Remarks
Comer Mid Span Corner Corner
CBC 1 Di16ctcl25 | Di3ccl25 | Di6ctc 125 | D13 ctel25
CBC2 D19 ctcl25 D13 ctcl125 | DI9clcl25 | Di16cic 125
CBC3 D19ctc125 | Di6ctcl25 | Di9ctel25 | D16cte 125
COC | -mee | eeeee- D16 ctcl25 | D16 cic 125

~ b. Construction Method
‘Pre-cast concrete barrel segments of the concrete culvert, approximately one meter
long, are installed on a pre-cast concrete block foundation by the crane and
connected each other by mechanical joints comprising bolts or steel ties to minimize
working period at the site which will affect train operations. Clearing and
widening/excavation of the channel in the upstream side and the downstream side of

the culvert should be carried out.

16 - 31



.

R
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1>3p0- 8 50 g
Q = S8
i o A
i 1 I
ol) 2000 ~0L“ 2500 Ln
e Ry St
253pk3 (CBC1) 389pk1 (CBC2)

356pk1{ CBC3) 23pk2(COC) Sukhedaatar Stlllox!- fnrd
Fig. 16-4-1 Dimensions of Culvert Section
¢. Construction Period . .
Construction period of the standard pre-cast concrete culvert with approximately 7

meter long composed of seven blocks is shown in Fig, 16-4-2,

Description Previous day Hour 3 B
Remuk 1t 21 31 41 S| 6] 71 8] 9} 10] 11] 12
Mobibzation (I
Removal Resstratiion
Track panel « F-T -~y
Excavatioa 0 Bce.m backboe* Zset
Youndation conorete Block ' O
Culvert 7 blocks : T‘—_I_
Tilling 0.9cum backhoe*2eet

Demobitization . | -

Fig. 16-4-2 Construction Schedule of Pre-cast Concrete Box culvert
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d. Drainage Improvement of Sukhe-baatar Station Yard

The drainage improvement scheme of the Sukhe-baatar station yard should be

planned in accordance with the drainage plan covering the whole city area, however

this is not established yet by the local government.

The drainage system wilh a concrete open culvert (COC L=80m) , a concrete box

culvert {CBC3 L=50m) ,andaconcrelelinedopenditch (1.=200m)

iltustrated

in Fig. 16-4-3 is assumed tentalively for an estimatc of construclion costs.

Groundsel is constructed at the outlet of the drainage to the Haraa river to prevent

erosion.  Detaited study shall be performed prior to the construction of the drainage

system,

2) Quantities and Costs of Typical Culvert Construction

Estimated quantitics and costs of cach drainage structure are shown in Tab. 16-4-3.

Tab. 16-4-3  Quantities and Costs

Unit; US$ 1,000

Dimensions of Cell Amount { per meter)
. No. of Clear Clear :
Location | Symbol Cell Space | Height | Local | Foreign | otal Remark
m | m | |

253pk3 | CBC1 . 1 2.0 1.5 0.97 3.69 4.66 |1/
389pkl | CBC2 1 2.5 2.0 1.11 3.82 493 11/
356pkt | CBC3 1 25 2.5 1.17 4.00 517 1/

23pk2 | CBC3 1 25 |25 117 | 144 | 261 |

23pk2 cocC 1 2.5 2.5 0.50 0.45 095 24,3/ |
Note:

1/ Including costs for structure excavation for construction of the barrels and common

2/ Structure excavation for construction of culverts only.
3/ Cast-in-place concrete open culvert.
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Fig. 16-4-3 Drain Improvement Plan for Sukhe-baatar Station Yard
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3) Total Quantities and Costs of Culvert Construction

The total quantities and costs of culvert construction are shown in Tab. 164-4.

Table 16-4-4 Total Quantities and Costs for Culvert Construction

o Unit; US$ 1,000
A Amount
Symbol | Unit | Qty. T Local Sub Foreign - %‘& Total Remarks
Personnet | Others IoLt]aI Parsonnel [Material| Equipment
66pkd. 89pk7. -
g4km. 143pk7.
168pkd. 170pk3.
184pk4. 190pks.
CBC1 {m} | 199 58.1 1363 | 1944 0.0 271 706.5 7336 | 928.0 | 210pké . 218pk5.
223pk7. 230pk9.
252pk1. 253pk3,
313pk10. 32Gpk?.
340pk6. 420pk7?
97pk5. 100pk?.
145pkt. 197pk2.
242pkd. 314pkio.
345pk6. 348pk7.
cecz2 {m) | 158 49.6 1263 1759 0.0 261 5779 604.0 |7809 380pk1. 391pk2.
3g4pk4. 417pkl.
417pk10. 424pk7.
428pk4. 438pk7,
CBC3 {m} | 68 19.0 494 634 0.0 10.3 93.7 1040 | 172.4 | 356pki, 23pk2
CcOC (m) 180.0 58 34.0 39.8 0.0 7.5 28.1 %6 755 | 23pk2,
Wing
Wall, LS 1 703 1640 | 2343 0.0 1352 338 169.0 | 4033
Apion |
Concrete Sukhe-baatar
Lined Ditch| (M | 200] 0.4 28 | 32 00 0.6 37 a3 | 74 | vard
Sukhe-baatar
Groundsel | LS 1 0.1 1.0 1.1 0.0 0.0 16.2 16.2 173 Station Yard Outict
Total 2033 5148 | 7174 0.0 206.8 14599 1,6667|2.334.8
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(3) Bridge
1) Design and Construction Plan
a. Preliminary Design
Prcliminary design of bridge was carricd out on 255pk3 and 125pk8. General
drawings of the bridge structures are illustrated in Fig. 16-4-4 ~ Fig. 16-4-5.
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b. Construction Plan

Newly fabricated girders are erccted by the Mongolian Railway's crane.  Substruclure
is designed as cast-in-place concrete structure type with spread footing foundation.

Track pancls are supported by timber saddles and temporary girders  during

construction period of substructure not to disturb train operations.

The channel is widened and revetment is constructed at 399pkl while the exisling

bridge structures are removed to improve the present botile-neck condition.

¢. Consiruction Period

Schedule for construction of the bridge structure with two spans of 13.5 meter long T-

girder superstructure, two abutments and a picr with spread footing type is given in Fig.

16-4-6.

Descriptioa
Muobilization

Track Pax! Removal
Excavation
Tempocary Support with Sad
Tecmporary Gisder
Substructire(Al Abut)
Substructure (P1 Pier)
Substructure{AZ Abut.)

Frection of New Girders

Demoblization

| Remprks

363 days

Footing

Bt Wall
)

Wing Walls

Restration

wel

{

|
T

Footing

Reeast Wal ? Wing\ﬁ'a{kf
el

L— .

(")
N VS |

Fig. 16-4-6 Schedule for New Bridge Construction
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d, Construction Method
Temporary girders and saddles to supporl track panels during construction of the

bridge structure are shown in fig. 16-4-7.

Sadlle

Tempoary Giader
s H— L=T000
upppentit—3 00 AFH- 6004300

___/:i[mi __/i ..... ._

N i
LL

‘ ////Af//éy/ /::: %

Coacreie Block Foundation Tempurary Lse
T} =

Concrete Block Foundatiog
Temporary Use for Retalaing Wall

Side Elevation

| ] / 7 7 7 T B
i e -
I1 ."— I,_‘zi.ll:l’ B i i | i"‘
- 13T Y¥-— — :
e e — T &S p S
- wi ol ] _

Plgn

Fig. 16-4-7 Temporary Supporis for Construction of Bridge Structure
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2) Quantitics and Costs
Quantities and costs of standard bridges are given in Table 11-4-5.

Table 11-4-5  Quantitics and Costs

“ B L L B ~ Unit; US$ 1,000
Dimensions o Amount B
‘ :
Location | Symbot . } Loca - - . Foreign -1 Yolal | Remarks
Girder § No. of Personnet | Others Sub Personnel {Material Equipment Sub
Lten.fm) | Span o tolal o E_p___ total
235pk3 | BA§ 15 | 1 126 | 159 ]|285| 00 18.8 170 |358] 643 | 2Abuts, |
1250k8 | 8BR2 | 135 2 217 | 205 | 612| o0 366 | 303 |669| 1181 i"z:‘b”‘s"P
I T Widening
L.?.erki 43 38 8_.1 0.0 0.0 778 7.8 1 159 of channel

(4) Total Quantitics and Costs of Bridge Construction Work

The total cstimated quantities and costs of the bridge construction work are given in
Table 11-4-6.

Tab. 16-4-6 Total Quantitics and Costs of Bridge Construction

Unit ; 1000 US§

Dimensions of o Amount o
B [ .
Location | Symbol ridgo Local Foreign Total | Remarks
Span No. of Personnel | Others Sub Personnet | Material |Equipment Sub
_Len,{m) Span tota! que total
Standard
125pk8 | BR2 13.5 2 21.7 295 | 51.2 0.0 366 303 669} 1181 R
Section
Standard
2as5pka | BR1 | 115 i 126 | 159 | 285 00 188 | 170 |358| 643 oA
Section
Ned
255pk3 BR 1 1.5 1 i26 159 1285 0.0 18.8 170 358 643 Appl,
Section
Applied
334pk3 | BR1 1.5 1 126 159 | 285 0.0 188 17.0 3581 643 .
- Section
Apphied
352pk7 BR2 13.5 1 144 18.1 | 3286 0.0 227 187 414 739 X
] Section
Standard
399pk1 43 38 8.1 0.0 0.0 7.8 78 | 159 i
1 Section
Total 782 931 1773 0.0 i15.7 107.8 |223.5| 4008
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