Project Cost and Maintenance Cost
Summary of Project Cost

Based on the quantity of input by work and its unit cost
described in the latter part of this Section, the project
cost was estimated by construction section as shown in

Section 5.1.1 and then summed up to the total cost. The

total project cost is shown in Table 6.2-1 and the con-
struction cost of each section is shown in Tables 6.2-2(1)
to 6.2-2(6). In addition, the project cost was estimated
for the asphsalt surface roads and the gravel surface road.
The direct construction cost of bridges is shown in Table
6.2-3(1) and Table 6.2-3(2).
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Table 6. 2-3(1) Direct Construction Cost of Bridges

Unit :  $
Name of Bridges b & F. €. Total

. Duties Others : :
Point A Br. 2= 132.5n 215313 296855 524590 1136758
Putini Br. 2= 40.0n 20482 62576 84723 175781
Challa Br. 2= 20.0m 16126 32476 45374 93976
Cascada Br. 2= 1808 | 12850 a7dse | ssere 75606
Alto Choro Br. | &= 50.0m 50155 79509 151110 280874
Pto Leon Br. 2= 15.0m 54932 107137 152700 314769
Cajones Br. 2= 25.0m 18337 36256 52061 106654
Chojna Br. 2= 22.0m 14029 27763 39109 80892
San Silverio Br. | €= 50.0n 55234 3914 163853 313001
San Lorenzo Br. 2= 52,0 58618 98708 17346¢% 330795
Espiritu Br. 2= 52.0am 58231 98580 172688 329599
Carrasco Br. £=30.0m 36275 78285 98843 213403
Avaroa Br. 2= 25.0m . 23232 34578 71059 128869

Total 642805 1074321 1864851 3581977

note  Spr.S : Superstiructure
Sub.5 : Substructure

I : PCl-compsite Girder
B : Box Girder

A : Abutment

P : Pier
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Table 6. 2-3 (2)

Direct Construction Cost of

Bridges

1. Unit :
Name of Bridges L. O F. ¢ Total
es 5 - - . . ota
ame o .r1 g . Duties Others '

Point A Br. | Spr.S (B) 174074 195257 516789 8861290
' " | Sub.S (&) 4125 12273 10148 26544
(2=132,5g) P} 37114 89325 97655 224094
Subtotal 215313 796855 624590 . 1136758
Putini Br. | Spr.S (B) ' 21592 34974 62124 118608
Sub.8 (A) 4612 18446 1412t 37179
(2= 40.0n) (P) 3368 9156 8478 21002
Subtotal 20482 62576 84723 176781
Challa Br. | Spr.S (I) 10839 17006 31660 59505
Sub.S (A); 5287 15470 13714 34471
(2= 20.0a) | Subtotal 16126 32476 45374 93976
Cascada Br. Spr.§ (1) 8877 14953 25813 49643
Sub.S (A) 3973 12531 9459 25963
(2= 18.0m) | Subtotal 12850 27484 35272 75606
Alto Choro | Spr.S (B) 41236 53891 128975 224103
Br. | Sub.S (A) 5930 17769 14547 38246
(2= 50.0a) (p) 2989 . 7949 7587 18525
Subtotal 50155 79609 151310 280874
Pto Leon Br. | Spr.S (B) 40733 65842 117659 224234
Sub.8 (A) 8169 24891 19871 52931
(2= 75.0m) (P} 030 16404 15170 37604
Subtotal 54932 107137 152700 314769
Cajones Br. { Sepr.3 (I) 13612 21701 39678 74991
Sub.8 (A) 4725 14555 12383 31663
(2= 25.0m) | Subtatal 18337 36256 52061 105654
Chojna Br. Spr.8 () 9528 15165 27768 52461
Sub.S (&) 4492 12598 11341 28431
(€= 22.0m) | Subtotal 14020 27783 39109 80892
San Silverio | Spr.S (B) 41236 53891 128976 224103
Br. | Sub.S (A) 9740 28516 24135 62391
(2= 50.0m) {P) 4258 11507 10742 - 26507
Subtotal 55234 93914 163853 313001
San Lorenzo | Spr.S (B) 43347 56709 135550 235606
Br. | Sub.S (&) 7669 23526 18614 49809

(2= 52.0n) (P) 7602 18473 18305 45380 .
Subtotal 58618 98708 173469 330785
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2. Unit ¢ $
L. G
Name of Bridges F. C. Total
Duties Others
Espiritu Br. | Spr.S (B) 43347 56709 135550 235606
“Sub. S (A) 6245 19416 15068 40730
{£=52.0m) {P) 863% 22555 22069 53263
Subtotal 58231 38680 172688 329599
Carrasco Br. | Spr.S (1) 21917 34423 64125 120465
Sub.S (A) 14358 43862 34718 92938
(2= 30.0m) | Subtotal 36275 78285 98843 213403
Avaroa Br. Spr.8 (1) 20878 27006 65476 113360
Sub.3 (A) 2354 7572 5583 15509
(£= 25.0n) | Subtotal 23232 34578 71059 128869
note Spr.S : Superstructure
Sub.S : Substructure
I : PCl-compsite Girder
B : Box Girder
A : Abutment
P : Pier



6.2.2 Maintenance Cost

The maintenance cost required after the completion'of the
prbject was estimated on the basis of works mentioned in
Section 5.5. Table 6.2~4 summarized this maintenance cost.

The detailed cost estimation process is shown in Appendix-

6-4,
Table 6.2-4 Maintenance Cost

(Thousand Dollars in 1890 Price)
{Unit:1000US%)
Gravel Road Maintenance Asphalt Road Maintenance Macadam Road Maintenance
Yaar L.C F.C Total I..C F.C Total L.c F.C Total

€.D  Other C.D Othsr €.0  Other
15t Year 83 124 191 318 26 84 63 173 53 84 14C 320
(315) {147) (267)
2nd Year 63 124 101 378 26 84 63 173 53 127 140 az¢
(315) (147) (267)
3rd Yesr 63 124 191 378 26 84 63 173 53 127 140 320
(315) {147) {267)
4th Year 127 247 38 755 26 84 53 173, 106 254 280 540
(628) (147) {534)
5th Year 127 247 381 755 26 84 63 173 108 254 280 640
(628) (147) {534)
Bth Year 127 241 381 755 53 168 126 347 106 254 280 640
(628} (204} (534)
7th Year 127 247 a1 755 53 168 126 347 106 254 280 840
(528} {294) (534)

Y

Note: ( ): without dutles



6.2.3 Quantities

Based on the preliminary design, the construction quanti-
ties are estimated as shown in Tables 6.2-1 and 6.2-2. The
detailed estimation is shown in Appendix 6-1.

Unit Cost

Through the discussion with SNC, the unit cost was deter-
mined to be represented in terms of 1990 price.

The unit cost was divided into three categories, that is,
local currencies, foreign currencies and tax. The 1local
currencies consist of the following items:

a) Construction materials produced in Bolivia such as
cement, concrete block, o0il, paints and wooden mate
rials.

b) Personal expenses of local persons.

¢) Land acquisition cost and compensation.

d) Taxies.

The remained part of the cost is foreign currencies.

The following tax ratic was applied for excluding tax from
the project cost.

a) Imported construction equipments ; 26.3%
b) Imported construction materials ; 33.3%
¢) Local construction materials ; 10.0%

The unit cost by working item is shown in Table 6.2-1.
Materials and works involved in working item is shown in
Table 6.2-4,.



Table 6.2-5 Main Materials and Works Included in Unit

lClearing & Gruffing; ha Cleaning and gruffing (t=30c¢cm) |
| : ,Waste soil transport (L=2.0km) |
i iExcava@ion,transportation%distance=2km '
i - | | 8preading and compaction or embankmen ‘i
Excavation A | m3 jUnit grlce is the weighted.average by
| jexpected excavation volume of common !
| 1soil, soft rock and hard rock. |

;Excavation,transportatiqn (distancezlkm)}

[}
| . 'E j Lo spoilbank and d139051n§. . "
Excavation B | m3 lUnlt rice is the weighted average by |
i | expec ed excavation volume of soil, softI
. ;rock and hard rock. - i

|Finished Rolling m3 iComgacted by motor grader (3 times) and !

1
lof Subgrade E yRub

| er tired roller (3 times) i
T T geed. T |
} : Spraying! m2 ISpeed spraying by manpower o
|Slop | concrete} , |Concrete t=lscm, wirg netting :
| | Spraying! m2 l!Anchor (L-40cm, 0.5m% per unit) 1
i | Gravity im 4.0mhight - !
:Retaining} Stone mZ jCounterfort width B=35cm, Backfilling :
lwall . " Masonry t lw1_.t.h concirefe t=15cm, Backfilling I
| i _ : 1 with cobblestone t=20cm |
: fGrid type! m2 !Counterfort width B=1.0m ;
Lcul- | Box : iConcrete 2.0 x 2.0 _ }
=vert_ i Pipe i m  (Concrete pipe(600) with in-let & 0ut~let:
T T T Gnhhae 1T TTTTTTTTToTTIm T i
Subbasge

: } Course : mé ;Crushed'stone (t=150cm) including

| i ; ;compaction I
! i Base i m2 {Mechanical stabilization (t=156cm) E
IPave~ i Course yincluding compactiion i
iment | Binder | | n :
| ; Course | m2 jHot-mixed asphalt t=7cm E
I b oauefane | 0T TTrmmmommmmmmmmmmmmmmm s m e i

Surface

: | Course ! w2 !Hot-mixed asphalt t=5cm. :
E ! Lining | m | Excavation of hard rock, concrete :
" | . 1 lining, much transport, pavement |
}Tunnel }Unsup— ; m ;Excavation of hard rock, shotcrete, }
" jporte : (nuech transport, pavemenf ;
t

1
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7. OVERALL EVALUATION OF THE PROJECT






(1)

(2)

OVERALL EVALUATION AND IMPLEMENTATION PROGRAM
Overall Evaluation of the Project

From the wide=fange of engineering and economic studies,
undertaken by the Study Team faor the Improvement Project of
the 115.5 km Road from Santa Barbara to Bella Vista, the
Project was evaluated as follows:

National Road No. 38 (including the section covered by the
Project) 1is not only & trunk road of +the mnational rocad
network but is also an important part of the infra-struc-
ture necessary for penetrating and making good use of the
northern flat lands.

The need for developing these northern area is one of the
foremost national policies, and viewed from this perspec-
tive, the entire region (excluding this Project section)
has been improved or is being improved to a level such that

- the road has two lanes and a good geometric alignment. This

guarantees overtaking of vehicles at all times along the
road, increasing efficiency and safety.

Therefore, .the Project section should only be a traffic
bottleneck after improvement work for the other sections
has been completed in the near future.

From this, it has been confirmed that the improvement of
the Project section is essential.

AfTter performing several comparative studies, it has been
concluded that the Project (i.e., the content and method of
the . improvement work) should be as described in the next
section, "7.2 Project Description".

The +total Project and the construction cost in this case
have been estimated to be US$% 188 Million and US$ 152

Million, respectively.

Attention should Dbe paid to the following points in the
Project :

1) The extent of improvement (i.e. widening of the existing
road and detour construction) is as follows;
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Total leéngth - : 108.63 km (existing road: 115.5 km)
by widening 0 92.29 km ( 85 %)
by constructing: 16.34 km ( 15 %)

2) The earthwork volume will be considerably large and the

cost will account for more than 60 % of the total.
Above all, 8.7 Million cubic meters of soil, which is
equivalent to 85 % of the total volume cut, must be
disposed of.

It was confirmed in the Study that it would be possible
to locate sufficient spoilbanks for the disposing of the

'soil as described above. These would be in the vicinity

of the road and would minimize any . environmental dis-
turbance through careful planning and skillful utiliza-
tion.. ' :

(3) As an implementation program of the Project, there is an
' idea that the Project road is constructed up to the gravel
base course firstly, and then the asphalt conerete surface
layer of the pavement is laid a few years after the comple-

tion of the first- construction work.

The reason why this idea comes across is as follows:

1) Since this Project includes large volumes of soil exca-

2)

vation, it is considered that unavoidable disasters such
as slope failure will often happen after the completion
of earthwork operations. A periocd of a few years is
required until the improved road c¢an be considered
stabilized in this sense. '

As disasters repair work is likely to damage the pave-
ment surface, an idea will come out to leave the road
having a gravel surface for a few years after completion
of the earthworks, when disasters are most probable.

Assuming that the improvement would be completed in the
year 2000 (as described later), it has been confirmed by
referring the AASHTC Pavement Design Manual, that a
gravel road without any asphalt layer would c¢ope with
the expected traffic load for a total of three years
from 2000 to 2003,



3) Other sections of National Road No. 3 adjacent to the
Project section will be improved using an asphalt Macad-
am layer or gravel surface. Considering the continuity
and consistency with those sections, it would not De
satisfactory for only the Project section to have an
asphalt concrete pavement.

On the contrary, the idea to construct the surface layer
separately from the first stage of the improvement work,
has a disadvantage that the financial arrangement for the
Projeét would be required twice for the first stage and the
second stage work individually.

As SNC has evaluated the disadvantage to be very serious,
this idea of the stagewise construction has not been adopt-
ed finally in the Study, in spite of its merits described
above being fairly meaningful from the engineering view-
point,

Incidentally, the adoption of the asphalt Macadam surface
layer has not been accepted in the Study for the following

reasons:

a) Referring to common pavement design manuals such as
AASHTO, it is apparent that pavement with an asphalt
Macadam surface only, cannot support the expected
traffic load satisfactorily.

b) Furthermore, durability of an asphalt Macadam layer is
low. In the <c¢ase of the Project section, which is
subject to a lot of rain {(the estimated annual rainfall
is between 1,800 and 2,500 mm), an asphalt Macadam layer
with a thickness of 3 — 3.5 cm would be destroyed within

5 -~ 7 years .of construction, and it would be necessary
to overlay another layer of asphalit concrete at that
time.

¢) By comparing two cases; 1) constructing an asphalt
Macadam surface (3-3.5 cm thick) in the beginning and
then overlaying an asphalt concrete layer (10 cm thick)
five years later, and 2) constructing an asphalt con-
crete surface (10 cm thick) in the beginning; it has
been confirmed 1in the economic study that the former
case would not necessarily be more advantageous even
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(4)

(1)

from a socio-economic viewpoint. Furthermore although
the amount of initial investment would be 7.1 % less .
than that for the latter case, an accumulated amount of
investment up until the construction - of the overlay
"would bhe 4.2 % more. This alsc indicates that the
former case would not always be more beneficial than the
latter. '

In the case that whole construction work including surface
layer of the pavement would be done together, the socio-
economic effect has been estimated as follows;

it

19.7 %
US$ 97,625,000

— IRR (Internal Rate of Return)
— NPV (Net Present Value -1990)

It can be considered that these values indicate that the
Project is feasible for this country.
Project Description

The outline of the recommended Project, derived as a result
of the Study, is as follows:

General
* Origin Point for the Project : Santa BArbara
End Point : Bella Vista

(Nor Yungas, Dpto. La Paz)

¥ Length of the Project Road

Open road : 107.11 km
Bridge : 0.77 km 214 brid%es)
Tunnel : 0.75 km (2 tunnels)
Total : 108.63 km
* Characteristics of the Road
Category : Class I. B
Design Speed : 40 km/h
Road Width 1 9.0 - 10,4 m (Variable)

Number and
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width of lanes :
Pavement H

{2) Principal work items

(3)

# Earthwork

cut volume
embankment volume
spoil volume

¥ Bridges

*

Tunnels

* Pavement

subbase

base

surface

* Drainage

box culvert
pipe culvert :

¥ Retaining walls and other structures

Estimated cost

Table 7.2-1

Construction Cost

Others

Breakdown of
shown below:

13 bridges

2 tunnels
t= 15 cm, v=
t= 15 cm, v=
t= 10 cm, v=

84,485 67,104
18,472 17,364
103,957 84,468

55 ¥ 45 %

the Project Costs for

7-5

i1 locations
428 locations (x 2o0m

2 lanes x 3.5 m =
with asphalt concrete surface
layer

159,800
153,800
98,800

Summary of Estimated Cost

each

T.0 m

10,196,000 m3 (C)
1,512,000 m3 (E)
8,684,000 m3 (S=C-E)

m3
m3
m3

1l

§560m)

Total RATE
151,589 ____;;_;_
36,831 20 X
188,420 ___I;;“;_

wox

sub-section

{unit: US3% 1,000 )

is



(1)

(2)

Table 7.2-2 Estimated Cost by Sub-section

distance . Project Cost

Sub-section ' {km) {US$1000) (%) (1000%/km)
Santa Brbara _

~ Popint F 25.30 48,839 25.9 1,930

—- Point K 21.486 49,895 26.5 2,325

— Caranavi 13.24 16,243 8.6 1,227

- Point Q . 19.55 26,482 14:.1 1,355

-~ Point V 21,75 39,590 21.0 1,820

- Bella ' Vista T.33 7,347 3.9 1,002
Total 108.63 188,420 100.0 1,735

Implementation Program
Commencement of construction

The commencement of construction work for the Project has
been assumed to be in 1896, based on the following sched-
ule,
- 19891 - 1993 : 2.5 years
for Final Design, and
Environmental Impact Study.
- 1994 - 19956 : 2 years
for Financial Arrangements, and
Tendering for Construction,
- 1996 : Commencement of Construction.

Construction Period

As described previously, the Project includes a large
amount of earthwork operations. Therefore, it is consid-
ered that the required time to complete the construction
work for the Project would be five years.

Assuming that the efficiency of construction in the initial
and final year would be half of that in other years, the
average productivity per month should he as follows to
ensure completion within five years:

* length of completed road : 2.25 km/month

* earthwork : 212,000 m3/month
(approx. 10,000 m3/day)
* Production (const.cost) : 3,925,000 US$/month
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(3)

If the construction was to be executed by dividing the
Project road into several sub-sections for several contrac-
tors, the above figures could be said to be possible though
not necessarily easy to achieve,

Implementation schedule

From +the considerations given and the assumptions made up
to this point, the chart below has been derived as an

“impliementation schedule.

iﬁﬁll 119331 IIQRSl llﬂﬂ?l 119991 l2001
Designing &
Studying
Financing &
o SR IToTEs
Tendering

Construction

Fig. 7.3-1 Implementation Schedule

(4) Required annual funds

Based on the implementation schedule shown on the previous
clause, the required annual funds for construction have
been estimated as follows;

- 19486 20.934 Million US$
- 1997 41.872 Million US$
- 1998 41.872 Million US$
- 1988 41.872 Million US$
- 2000 41.872 Million US$

Total 188.420 Million US$
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(1)

(2)

(3)

(4)

Recommended Further Studies

The Final Design of the Project to be carried ont following
this Study must include the following studies.-

Topographic survey

Since the Project site has a steep and complicated topogra-
phy, an accurate topographical map must be prepared prior

to the Final Design. At minimum, a map with a scale of 1

to 1,000 in general, and of 1 to 500 for ‘some specific
places, would be required. : _
For this purpose, detailed and sufficient ground surveying
is necessary in order to supplement and verify the map made
by aerophotography.

Sounding of subsoil conditions

For the accurate estimation of earthwork costs, obtaining
available data for -the design of the sub-structure at
bridge sites, and obtaining fundamental data to determine
design and construction methods at tunnel sites, more
detailed investigations for sub-soil condition should be
performed in the course of the Final Design.

‘A boring survey at each bridge site and seismic geographi-

cal exploration at tunnel sites are essential.
Material survey

It 1is considered for this Study that gravel and sand from
the Alto Beni and Suwapi Rivers, and from the Coroico and
Yara Rivers can be utilized as concrete aggregates and as
subbase and base course material, respectively. A quantity
of the rock obtained during earthworks will also be avail-
able for use as subbase and base course.

It is necessary to verify if this idea would be suitable
from the viewpoint of both quantity and quality by carrying
cut more detailed investigations and tests.

Dividing the Project into sub-sections
As described previously, one of the distinctive features of

this Project is the huge amount of earthworks required. it
may be advantageous in order to complete the job in a
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(5)

shorter period to divide it into a limited number of sub-
sections and to execute it using several groups of contrac-

tors.

When an outline of the content of Final Design would be

available, division into sub-sections should be studied and

examined closely.

Determination of spoilbank areas

Eight million cubic meters of spoil soil has heen estimated
for the Project. From the viewpoint of preservation of the
environment, this spoil so0il should be disposed of in the
pre-specified areas. For such a purpose, a sufficient
number of candidate areas for spoilbank construction must
be found and studied in the course of the design.

7-9



APPENDIX



Appendix 1-1 List of the Road Projects in Execution
(1984 - 1991)

0 O R e R R T T e e e e MR

location - iléagth | fype of ! Cost | Poreiga ! Compl. | '

or Road Ho. | (kaj ! Project  I({100O0SY)) Pimmnce | Tear | Remarks |
] ] ] ] 1
t

....................................................................... :-....-...‘--.-.-.-....-.-I

i1 lAppeoack of Chimore-Tapacani b ! 261 }Maintenamce | Pl 1080 (jest started |
12 1Bells Vista-Quiquidey v Koo d ! M1 iConstruction |} 26400 1Brazil | 1388  |linished !
{1 ISecondsry Road Phase ! 1008, Chag. , $/Cru! 1200 !Gonst.,lwpreve.) 17281 f0SAID ) 1391 | :
V4 ditto  Phase il Cochabanba ) 20 1 ditte EoO13031 jusAtp ) 1989 |
V8 ditte  Saata Orus [8aata Craz | 500 ) ditte boOR543 10B-CaR 10 H
v 8 ditte | Yungas 1ha Faz VU0 b ditfe LR 10 A Po18%0 :
1 1 Cotapata-Santa Barbara T 3 (Rinal Desige | VIO }IDB P18 H
! 8 |Challapata-farapays Vol POl ditte ! 800 PORPLATA | 1389 | '
! § IChinore-Yapacsni HE 9 P18l \Comstruction | 139556 JIDB-CAF | 1088 | '
' 10 lageicaltural dves,Rorth ChaquiiChuguisaca | 72 (Comst.,lwprove.]  I087 jFIDA 1988 | !
1 1 1 ! 1] ] t L 1 L] [}
1 [ 1 1 ] I3 . 1 [} 1 [}
1411 "[Cuayeraseriz-Sazta Rosa y o Koo 8 {40 (Maintenance | 2500 JJICA ‘starting -}
1 1} (Padcaya-Beruejo I T ! 160 (Final design | 596 1PoEBLATA | 988 | ;
JE13 JRave.,la Pas-Cotapsta I T i 10 iComstractioa | 1681 HE U H
¥4 (Porvenir-Chive ;o Ho. 2 1180 1 ditte H (1 LT !
115 Ikaiateasnce, South Regioa | P30 Maintenance | 38R0 (CAF N 1T |
b 16 ibuerto Hico-Bueva Rihea 'ando, Beni ) 81 iComstraciion | G4B ) VoLgs H
F 17 Cotagaita-Se2 Joan del Gro |Potosi ! 80 iComst.,[prove,) 088 JRIDXA ) 1931 ) :
18 (Parast Grande-Tacuiba 'ode. 8 50 lComstroction | 22540 ROSPLATA | 1390 ) :
1418 !Toceno-Burrepabaque T Lo o) ditte 1800 joECR 1 1888 :
) 10 Coafital-Caikunsi L T VO dithe Yo5A3s0 1108 1982 lteadering now

1 1 1 i ] ] 1 ¥ ] 1
1 1 f 1 H ] [} H [ 1
DA i Ssunipata-Taruma Suata Crar 1 10 \Nainfenance | 7882 (I0B L1 B H
1422 18an Borja-Trinidad Vol ! 138 IFeasib, Stady | 2904 Jich | 1888 ) :
133 18 halimn 'Santa Crwz | 25D |Maintemaace | 1809 (Gerwnay | 1981 | :
P24 |Santa Craz-Trinidad L (A ! M4 Comstruetion ) 47HLS JEORRLATA § 1993 | g
V35 t0an Baenaveatara-Cobija I ' 1 M0 (Reasib, Stody | 11T CAR P :
1826 1Santa Ana~Sants Rosa FBeai b 150 (Rinal demiga ;600 b1 ) :
1827 18anta Bosa-Biberslta 1 Ko B 1410 JConstraction | 4100 ) I L ;
1828 15an Buenaventera-rianas Vo 2 V10 laprovesent | 4853 | N E L K '
i 29 {Bucre-Ipati ! Ho. 6 V{40 jBinal Deign IS00 jIDA I LT :
1430 )Quiquibey-Tacano R [T 41 IConst.,lmprove.; d67HF [IDB v ) '
T r i | 1 1 1 1 1
[} I . H 1 t 1 ] ] ] L]
y 31 iTotacoa-Tnente Kerdes Ihagisace ! 30 (Comstrmctioa | 12075 !RONDLATA ) I981  (teadering now |
1431 10obija-Conquista 1Pando Yo Maintenamce 7 2800 [JiCh H H

---------------------------------------------------------------------------------------------------------------------------

Note : 1) The Projects marked with an asterisk are consid-
ered to be related with this Study.
2) Bridge construction projects are not included in
this table.
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Appendix 4-1 Calculation of Widening on Curves

VAASH'[‘O'S Formula (8 50/40)

SU DESIGN
VEHIGLE

|
I
|

Y . .
_ 28
% k Wi B0 Daalga h
. L4 G ernriiraltet
&

Comblination

: \ WE-40 Dasign
R Semitraiter
- __Rj ) | Combinslon

B

6 4'1

I‘asw _ W

|
l
}-35'
|
|

(Y SR E———

1 w=Ww - W, = width of pavement on tengent, ft.

wﬂ
- ¥ = track width of vehicle {out-to-out tires), ft.
20 We N(UCE + (N-10F, + 2 C = Yateral clearance per vehicle; assumed 2,25 &
3 f for W, of 20, 22 & 24 ft, respectively.
N = Number of lanes F, = width of froat overbang, ft.
w = widening for pavement on curve, ft, Z = extrg width allowance for difficulty of driving

We = width of pavement on curve, ft. on curves, ft.

= track width on tangent [out-to-out) B.5 f
= radius on cenledine ol 2lane pavement, ft
= wheelbase

» {ront overhang

= design speed of highway, mph

3 U=t R -~ R? - L}

4 F, » VAL + Al2L + Al - R

(51 z =« W \R

<PrxE

SNC's Formula {SR=VB50)

S=2(R- L R-(L*°LA2))+ (IR’+A(2L.*A)~R)+"~E~——~
10 /R
=2 (U-u)+Fat2 =W+ (Wn-2({u+cC))
| 11
R=45 — 2.56  + 0.12 + 0,62 = 3,25
(WB50)

AP-2



N

\ o SNC

2,0

1.0+

{
50 100 150 200 . 250

Pavement Widening on Curves { See Table §.1-5 )
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Appendix 4-2

Cost Estimates of Alternatives (Gometrical Alignment)

Comparison of Cost Estimatlon of Construction
Tor Road Improvement

Unit leprevescnt : Nex Alignment Dual Carriage Way Road

Iten Unit . “of Existing Road :

) Cést " Volume Cost Volume Cost Voluae Cost

Clearing and Grubbing at 13.84 27,300 108,350 33,000 136,020 38,000 ) . 148,720
Soil - = 3.4 28,525 . B%,736 57,750 175,560 35,475 107,844
Becavation | ook e | 12.03] 17,7151 214.863| 35,850 | 4e0.304|  21,285] 758,180
of Road - Ferd Rock o | 03] L8| 1m,504) 23,000 347,193]  14.180] 213,276
Inbanksent u? 5.03 0 0 ' ] B ot (]
Pavenent e? 16.68 3,000 150,120 8,000 150,120 11,000 | © 183,480
- Soil ot 1.31 11,500 15,085 14,000 18,340 | = 15,825 20,731
Slope Gut Rock a? 21,10 11,500 242,650 14,000 295,400 15,825 333.907
Esbankuent : nt 131 0 0 .0 [ 0 (]
Drainage Ka 23,266 1.0 23,286 1.0 23,266 2.0 40,842
Direct Cost 1,021,5%4 1,560,203 1,308,087
Indirect Cost(Z5%) 255,348 390,051 321,022
Construction Cost 1,276,993 1,856,254 1,635,108

Cost Estimation arcund Point (L) (Santa Ana)

Imprevement
Unit Hew Alignment
Iten Unit of Existing Road
Cost
Volume Cost Volume Cost
Clearing and Grubbing m? 1.54 70,710 278,834 67,600 266,344
. Seil n? 3.04 152,285 462,946 122,318 372,029
Excavation
Soft Rock n? 12.13 65,265 781,664 52,447 636,182
of Road
Hard Rock o* 13.03 - - - -
Embankment B” 5.03 31,500 158,445 44,625 224,454
Paverent n? 15.68 27,000] 450,360 21,600 360,288
Cut Soit a? 1.31 31,583 41,348 26,468 34,562
u
Slope Rock m? 21.10 13,527 285,420 11,340 239,214
Embankment _ a2 1.3 5,700 7,467 . 9,180 12,028
Drainage Km 23,266 3.0 69,798 2.4 55,838
Direct Cost 2,546,282 2,221,108
Indirect Cost(25%) §36,574 55%,727
Construction Cost 3,182,853 2,776,385
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Cost Estimation around Point (O) +1. 8Km

: Unit leprevement - New &lignment -

Iter Unit |- of [Existing Road _ o

Gost Voluse Cost Volume - Cost -
Clearing and Grubbing n? 3.94 17,370 68,438 | . 13,335 52,540
_ Soil S 3.04 §5,363 | 195,684 | 21,000 63,840
Brcavation Soft Rock 2 | 12.13 28,012 339,786 9,000 109,170

of Road 1 iard Rock 2 |.15.08] - - - -
Eabanksent ' a® 5.03 -~ - 5,188 31,126
Pavement wt | 16.58| 5,400} 90,072 4,880 ) 81,085
Soil n? 1.31 10,962 14, 360 4,089 5,330
Slope ut | Rock wt | 2110 4,698 99,128 1,744 36,798
Esbanknont 2t | 1.3t - - 2,475 3,242
Drainage Ka | 23,266 0.60 13,956 0.54 12,560
Direct Cost 821,404 395,671
Indirect Cost (25%) - 205,351 98,918

fonstruction Cost 1,026,759

484,589

Cost Estimation Around Point (Q) +5Km

imprevement .
Unit ; New Alignment
Iltenm Unit : of Existing Road
Cost -
Volume Cost Yolume Cost
Glearing and Grubbing m? 3.4 - 22,360 86,098 21,360 83,922
Soil m* 3.04 33,577 102,378 17,750 53,960
Excavation .
Soft Rock a® 12.13 33,677 408,502 17,750 215,308
of Road — .
Hard Rock w3 15.03 - - . - -
Embanknent u® 5.03 9,675 48,965 22,137 111,348
Pavement m* ~16.68 16,800 180,144 10,800 180,144
Cut Soil m? 1.31 10,815 14,168 4,200 5,562
i 5
Slope Rock B 21,10 10,815 228,197 4,200 88,620
Eebankment m® 1.31 1,100 1,441 5,050 7,926
Drainage Ke | 23,266 1.2 27,919 1.2 27,919
Direct Cost 1,099,512 774,650
Indirect Cost{25%) 274,878 193,663
Construction Cost 1,374,390 968,313
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from Point @& to @

Cost Estimation
Earthwork Tunnel
Itea Unit Unit Cost
Volume Cost Volunme Cost
Length of Farthwerk a 1,675 4,800 7,705,000 3,640 6,097,000
Tunnel ') o 1.354 - - 500| 3,677,000
Total . 7,145,000 9,774,000

Cost Estimation from Point & to @

Unit Kew Alignment New Alignment
ni -
Item Unit (Earth-Work) (Tunnel}
Cost
Volume Cost Volume Cost
Clearing and Grubbing - B? 3.94 33,047 130,205 21,311 83,965
: .| Seil n? J.04 36,070 109,653 23,994 72,942
Excavation
f Road Soft Rock il 12.13 72,141 875,070 47,987 582,082
of Roa - .
Hard Rock a® 15.03 72,141 | 1,084,279 47,987 721,245
Embankment n® 5.03 33,616 169,088 47,952 241,199
Pavement n® 16.68 12,105 201,911 6,075 101,33t
cut Soil ne 1.31 3,756 4,920 1,638 2,143
u
Stope Rock -m? 21.10 33,808 713,349 14,724 310,676
Embankment. n? 1.1 2,21 2,975 4,108 5,381
Drainage Km 23,266 1.3 30,246 1.1 25,993
Lining il 5,833 - - 60 705,960‘
Tunnel Excavation
without Timbering 4,547 i 390 2,796,405
Retaining wall (H=7.0m} 670 35 - - -
Direct Cost 3,345,146 4,272,867
Indirect Cost (25%) 836,287 1,068,217
Construction Cost 4,181,433 5,341,084
Cost Estimation from Point ® to @
Earthwork Long-span Bridge
Item Unit Unit Cost
Volume Cost Yolume Cost
Length of Earthwork n 1,875 1,800 3,015,000 10| 1,189,250
Long=-span Bridge 0 5,400 - - 1,825 9,895,000
Total 3,015,000 11,044,250
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Cost Estimation from Point {S) to (V)

_ ‘ | Improvement
' Unit ' “New Alignment
[tem Unit of Existing Road
Cost
N . . Volume - Cost Volume Cost
Clearing and Grubbing n?; 3.94 307,180 | 1,210,289 293,650 | 1,156,381
' Soil n? 3.04 468,500 | 1,424,544 329,840 1 1,002,714
Excavation

£ Road Soft Rock n? 12.13 351,450 | 4,263,089 247,380 [ 3,000,719

of Roa : . -
Rard Rock s at 15.03 351,450} 5,282,284 247,380 1 3,718,121
Enbankment o® 5.03 377,100 | 1,896,813 259,875 1,307,171
Pavement, _ n? 16.68 123,930} 2,067,152 116,550 1 1,944,054
cut Soil n? 1.31 105,874 138,595 59,584 78,055

iwu L.

Slope Rock n* 21.10 158,811 3,390,012 29,3761 1,885,833
| Enbanknent a? 1.31 31,500 41,265 50,820 66,574
Drainage Ka 23,266 13,77 320,33 12.95 301,285
‘Direct Cost 19,995,426 14,461,517
Indirect Cost(25%) 4,998,857 3,615,379
Construction Cost 74,994,283 18,076,896
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Aégggdé}s{.t‘ir}gtaé of Alternatives (Bridges) [—B—:“—l_
Point A {Poute @) . Unit & US$
Name of Work Type Unit | Volume Unit Cost Cost Remarks
Excavation (Soil) a 5,005 8.48 43,208 |
 (Soft Rock) n’ 20,379 12,13 247,197 LV=25,474n?
- {Hard Rock) | . a® - -
e age f) | e | 1555 16.68 25,937
Sub-~Total ' 316,340
Bri(gﬁ‘;ers N a? 1,235 1,370 1,681,950 £-130n -
(Abutaeat) n 13.2 ' 2718.4 36,248
(Pier) ° 738.8 251.5 185,808
Sub-Total 1,914,006
Total 2,230,346

Point A _ {Poute @) Unit : US$
Name of Work Type Unit | Volume | tnit Cost Cost Remarks
Excavation (Soil) a° 591 8.48 5,012
{Soft Rock) & 2,366 12.13 28,700 TV=2,957?
(Hard Rock) a? - - -
Pa"e"fgg:riage tes) 0 808 16.68 13,471
Sub-Total - 47,189
Brigﬁ:ersmmre) w | 1,28 1,370 1,751,710 2135
(Abutment) » 130.2 278.4 36,248
(pien) 2® 995.0 251.5 250,494
Sub-Total 2,044,452
Total 2,091,641
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]

Patuni {Poute D) _'llnit' : usy
Nawe of Work- | Type | Unit | Volume |  Unit Cost Cost Resarks
Fxcavation (Soil) o | 17,220 8.48 146,025
(Soft Rock) | 43,050 12.13 522,197 LV=86,1008
(lfard Rock) | 25,80 15.03 388,826
Pa"e“(‘g::riage ay) & 7,015 16.58 117,010
Sub-Total 1,174,059
Br }gﬁ;ﬁrs wructure) 2 2 830 258,960 2230
(Abutaent) 2 215.6 218.4 §0,023
(Pier) »° - - -
Sub-Total 318,983
Total 1,493,042
Patupi {Poute @) Unit : USY
Name of Work Type Unit | Voluze Init Cost Cost Remarks
Excavation (Soil) p? 7,820 8.48 66,314
(Soft Rock) w | 19,550 12.13 237,142
(Hard Rock) @ | 11,730 15.03 176,302 £V=38,1000°
Pa"e&(‘g::ri&ge os & 6,325 15.68 105,501
Sub-Total 585,259
B"i(gﬁ:erstmwre) . 468 830 398,440 2+45n
(butaent) a® 215.6 218.4 §0,023
(Pier) & 221.5 251.5 55,707
Sub-Total 514,170
Total 1,099,429
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Patuni {Poute @) _ Unit : US$
Nage of Work Type Unit | Volume Unit Cost Cost Remarks
Excavation (Seil) . ad 3,448 8.48 29,248
{Soft Rock) o® 8,623 12.13 1.04.597 LV=17,246m®
(Rard Rock) n? 5,114 15.03 77,765
e sase Hay) B2 | 3,39 16.68 55,628
Sub-Total 267,238
B"‘(gﬁ‘;ersmctm) w2 797 1,370 1,091,890 2=40n
(tbataent) ® | 188 2718.4 3,0
Pier) a’ 1,045.0 251.5 262,818
Sub-Total 1,387,782
Total 1,655,020
[8- 6]
Challa {Poute @) Unit : US$
Name of Work Type Unit | Volume Unit Cost Cost Remarks
Excavation(Soil) m? 43,740 8.48 201,315
(Soft Rock) n* 12,002 12.13 145,584 £V=35,14®
(Hard Rock) M - - -
e g Wi | 6,78 16.68 113,114
Sub-Total 460,073
e rstractare) a? ne 830.0 258,960 2=30n
(Abutaent) e? 118.8 278.4 33,074
{Pier) a? } - ]
. Sub-Total 292,034
Total 52,107
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Challa (Poute. @) Unit :US$
Name of Work Type Unit Voluse Unit Cost Cost . _Reuarks _
Excavation (Soil) - 2 | 12,220 8.48 103,626
(Soft Rock) 2 | 10,13 12,13 122,962 | EV=22,357w®
(llard Rock) nra - - -
Pave?gzrriage gl 22 | 5,980 16.68 99,746
| Sub-Total ' 326,334
Brigﬁierstructure)- a 570 830 473,100 2=60a
(Abutﬁ;nt)f e 143.4| 278.4 39,922
Pien) 2 150.9 251.5 37,951
Sub-Total 550,973 R
Total 877,307
Challa {Poute @) Unit :USY
Name of Work Type Unit | Volume Unit Cost Cost Remarks
Fxcavation {Soil) w® 15,480 8.48 131.270
(Soft Rock) & 5,83 12.13 70.766 LV=21,3142°
(Hard Rock) n? - - -
Pa”*?gg:riage os) &2 3,196 16.68 53,209 i
Sub-Total 255,245
B’}gﬁserstructure) R 946 1,370. 1,295,020 2=110a
" (butaent) o 115.4 278.4 32,127
pier) 2 31,2 251.5 88,327
Sub-Total 1,416,474
Tota)

1,671,719
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San Silverio {Poute @) Unit :US$
Name of Rork Type | Unit | Voluse Unit Cost Cost Remarks
Excavation (Soi1) o 1,030 8.48 8.7
(Soft Rock) W | 8,950 12.13 108,563 =9, 9800
(Hard Rock)_ w® - - -
"“"“Eg::mge o) me | 2,280 | 16.68 38,030
Sub-Total 155,327
B”(gﬁ;erstmture) n 380 830 315,400 2+66n
(butnent) W 118.8 278.4 33,074
ion = 150.9 251.5 37,951
Sub-Total 386,425
Total 541,752
[B- 10
San Silverio (Poute @) Unit :US§
Name of Work Type Unit | Volume Unit Cost Cost Remarks
Excavation (Soil) 2 680 8.4 5,766
(Soft Rock) n? 3,584 12.13 43,474 EV=4,264u°
(Hard Rock) m - - -
Pa"e"zg;‘:riage Hay) w 1,805 16.68 30,107
Sub-Total 79,347
B’igg:er-strucme) g 760 830.0 361,000 2500
(tbutent] 2 143.4 278.4 39,923
Pier) 2 150.9 2%1.5 37,951
Sub-Total 438,814
Total 518,221
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I B 1.1

San Lorenzo (Poute @) Unit 1 USY
Nage of Work Type Unit | Volume Unit Cost Cqst Reiark_s
Excavation (Sol 1 | e | 87,300 8.48 740,304
- (Soft Rock) » | 52,380 12.13 635,369
(Hard Rock) ¥ 34,920 15.03 524,848 £V=174, 600x°
Pa‘_""“&ggl'jriase e w | 7,125 12,90 91,913
Sub-Total 1,992,434
Bri(gﬁ:ersmctm} » 475 830 394,250 2+50n
(Abutaent) o | 1200 278.4 35,914
(Pier) »? 183.8 251.5 46,226
Sub-Total 476,390
Total 2,468,824
[B- 12]
Sgan Lorengo {Poute @) Unit ¢ US$
Name of Work Type Unit | Volume Unit_Cost Cost Remarks
Fxcavation (Soil) »’ 56,330 8.48 411,878
{Soft Rock) & 33,798 12.13 408,970
(Hard Rock) a? 12,532 15.93 338,556 TV=112,660a
P a"e“(‘ggtriage Hes) 0 6,650 12.90 85,785
Sub-Total 1,312,083
e strusture) 2 570 830 43,100 | g=60a
(Abutgent) a® 167.3 218.4 46,576
(Pier) u® 183.8 251.5 42,226
Sub-Total 565,902
Total 1,877,991
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|B-- 13

(Poute @)

San Lorenze Unit : 5§
Name of Work Type Unit | Volume rit Cost Cost Remarks
Excavation {Soil) B? 33,569 8.48 285,513
{Soft Rock) w 20.201. 12.13 245,038
{Hard Rock) n“ 13,487 15.03 202,409 LV=57,337m?
Pa“?‘gg:ﬁriage Hag) 2? 2,850 12.90 36,765
Sub-Total 169,725
e atrusture) | 1,18 1,370 1,531,660 2-130
(Abutment) n® 167.3 278.4 46,576
(Pier) m® 630.3 251.5 158,520
Sub-Total 1,736,756
Total 2,505,481
5= 17
Espiritt {(Poute @) Unit @ US$
Name of Rork Type Unit | Volume Urit Cost Cost Remarks
Excavation (Soil) 5 15,500 8.48 131,440
{Soft Rock) n? 15,782 12.13 191,552 xV=31,292n°
{Hard Rock) n? - - -
Fe e iage oy | z8n 12.90 37,035
Sub-Total 360,027 .
e retructure) s | 34,0 830.0 302,120 2=35a
(Abutment) B® 105.8 278.4 29,455
(Pier) w? 164.0 291.5% 41,246
Sub-Tetal 372,821
Total 732,848
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Espirith {Poute @) Unit : USS
Name of Work Type Unit | Voluse Unit Cost Cost Remarks
Excavation(Soll) | 2 5,248 8.48 44,503
© (Soft Rock) & | 5,100 12.13 51,863 51V=10, 34822
{liard Rock) 3 n - - -
?a"'e“‘é::riage og) ] e | 2,878 12.90 37,108
Sub-Total 143,475
B’i(gﬁ:'ers sructure) 2 475 830 394,250 2550m
(batnent) g | 1230 278.4 34,243
Plen a® 286.5 251,5 72,055
Sub-Total 500,548
Total 543,220
Espiritt {Poute @) Unit : US$
.Name of Work Type Unit | Volume Unit Cost - -Gost Remarks
Excavation (Soil) n® 1,300 8.48 11,024
(Soft Rock) 2 1,100 12.13 13,043 | Zve2,4008
{(Hard Rock) 8’ - - S
P""e“;gg:fiage o) & 1,490 12.90 18,217
Sub-Total 43,584
e rstructure) a? 920 1,370 1,260,400 2=100a
butnent) & 123.0 278.4 34,243
Pien) a® 31.2 251.5 88,327
Sub-Total 1,182,870
Total 1,426,554
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[B- 17]

Pto Leon (Poute @) Unit : US$
Name of Work - Type Unit | Volume Unit Cost Cost Remarks
Excavation {Soil) n? - - -
{Soft Rock) a® §,547 12.13 104,888
{Hard Rock) a® . - -
Stone Masonry a® 532 28.56 .15,2ﬂ8
e et age Has) @ | 1,185 16.68 18,265
Sub-Total 139,361
Bri(gg:e rstructure) .' n? 53 0 381,790 Ig;gggtion
(Abutnent) w 118.8 278.4 33,073
(Pier) m? - 414,863
Sub-Tot.al 554,224
Total
| B- 18
Pto Leon (Poute @f Unit : US§
Nage of Work Type Unit | Volume Unit Cost Cost Remarks
Fxcavation(Soil) ®? - - -
(Soft Rock) a° 23,060 12.13 279,718
(Hard Rock) n? - - -
P oo Has) @ | 1,70 16.18 28,523
Sub-Total 308,241
Bri(é‘(:ﬁ‘;erstruct:ure) o 312.0 830.0 258,960 £=30n
(Abutzent) o’ 135.8 218.4 37,806
(Pier) o ) ) -
Sub-Total 296,766
Total 605,007
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Carrasco - {Poute @) _ Unit : U.Si;
Name of Work Type Unit | Volume Unit Cost Cost Remarks
Excavation (Soil) w2 | 41,123 8.48 348,723
(Soft ROCH)_ n? - 12.13 -
{flard Rock) u? - 15.03 -
Seed Spraying w | 6,388 L 8,368
P o Lage Has) W | 2,607 12.90 34,151
Sub-Total 391,242
e rstructure) @ | 1265 584.0 73,816 | 2=55
(Abutﬁtenﬂ - z? 281.4 278.4 78,342
(Pier) w? - - -
Sub-Total 152,218
543,460
=20
Carrasco (Poute @) Unit 3 US$
Name of Work Type Unit | Volume Unit Cost Cost Remarks
Fxcavation {(Soil) a? 5,473 8.48 45,411
{Soft Rock) 3 - 12.13 -
(Hard Rock) n3 - 15.03 -
Seed Spraying [+ 1,254 1.3 1,643
P sge Hag) st | 1,080 12.90 25,543
Sub-Total 73,507
B“(gﬁsersmcm o a® 354.0 584, 0 208,736 2=30m

(Abutment) o’ 316.2 218.4 88,030
(Pier) w? - 251.9 -
Sub-Total 294,766
368,363
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I B~ 21

Carrasco . {Poute @) Unit @ US$
Name of Work Type Unit | Volume Unit Cost Cost Remarks
Fxcavation (Soii) n® 4,289 8.48 36,11
(Soft Rock) m® - 12.13 -
{Hard Rock) u? - 15.03 -
Seed Spraying n* 1,026 1.31 1,344
Pave“}ggtriagé o) n? 1,547 12.80 19,850
Sub-Total 57,674
B”(gﬁ‘;e < tructure) @ | 685.0 534.0 341,540 2=2%
(Abutment) n® 281.4 278.4 78,342
(Pier) n® 30.3 251.% 9,884
Sub~-Total 424,866
Total 487,540
o=
{Poute ) Unit : USE
Name of Work Type Unit | Volume Unit Cost Cost Remarks
Excavation (Soil} B?
(Soft Rock) m®
{llard Rock) i
Pavement ot
(Carriage Way)
Sub-Total
Bridge 22
(Superstructure)
m:l
{Abutzent)
3
(Pier) .
Sub-Total
Totat
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Appendix 4 - 4 Optimum Countermeasure(s)

1)

(1) Selection for S.B. + 0.8 / No.0Q + 700

Appllcable Countermeasures
- Concrete Crib with concrete spraylng and Anchoring 1)
- Grld_Type Concrete Retaining Wall + Concrete Crib 2)

Optimum Countermeasure:
As described below, Grid Tyvpe Concrete Retaining Wall (+)
Concrete Crib is advantageous to the location in economical

view point.

Unit = Quantity  Unit Cost Cost Remarks

Concrate Crib ne 2,225 51.08 U5 113,653 US

Excavation m 46,362 12.13 562,371
Total | 676,024
Retaining Hall  md 1,677 124.95 208,541
'2) Concrete Crib e 400 51.08 20,432
Excavation m 36,150 12.13 438,499
Total 668,472
_ A
// H
L Grid T
P
rd
rd
Fid
/
//
%
// ©
7/ (@]
Existing Slope / Lo
/
/
/
Ve
/
I/ !
/
L
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(2) Selection for S.B. + 2.3 / No.2 + 200

Applicable Countermeasures:
— Concrete Crib with concrete spraying and Anchoring

- @Grid Type Concrete Retaining Wall

Optimum Countermeasure:
As 1illustrated below, Concrete Crlb is adaptable to the
location in topographlcal view point,.
- Existing Slope s
s
s
/7

(3) Selection for B + 1.9 / No.8 + 100

Applicable Countermeasures:
- Conecreté Crib with concrete spraying and Anchoring

- @Grid Type Concrete Retaining Wall

Optimum Countermeasure:
As 1illustrated ©below, Concrete Crib is adaptable to the

location in topographical view point.

Existing Slope ’
N
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(4) Selection for C + 0.4 / No.10 + 800

Applicable Countermeasures: :
- Concrete Crib with concrete spraying and Anchoring

- Grid Type Concrete Retaining Wall

Optimum Countermeasures: _
As  illustrated below, Concrete Crib is adaptable to the

location in topographical view point.
Existing Slope i

-~
s

{5) Selection for C + 2.8 / No.12 + 780

Applicable Countermeasures:
- Concrete Crib with concrete spraying and Anchoring +

Catch Fence installed at road side
-~ Grid Type Concrete Retaining wWall + Catch Fence installed

at road side

Optimum Countermeasures:
As illustrated below, Concrete Crib + Catch Fence is adapt-

able to the location in topographical view point.

—

Existing Slopé
Catch Fence
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(6) Selection for ¥ + 4.2 / No.29 + 500

Apﬁlidable Countermeasures: . .
- Concrete Crid with concrete spraying and Anchoring

-~ @Grid Type Concrete Retaining Wall

Optimum Countermeasure: o
As illustrated below, concrete Crib is_adapltable to the

location in topographical view point.

Existing Slope /

<)

r—‘.

-~

(7) Selection for H + 1.0 / No.33 + 700

Applicable Countermeasures:

- Concrete Crib with stone pitching and Anchoring +
Gabion Catch Wall

- Grid Type Concrete Retaining Wall + Gabion Catch Wall

Optimum Countermeasure:

As described below, Grid Type Concrete Retaining Wall +
Gabion Catch Wall is advantageous to the location in eco-
nomical and topographical view points.

Unit  Quantity Unit Cost Cost Remarks
comerete Orib  md 1,880  s2.40Us 10375205
Excavation @ 7,340 1213 so,04
et T e
Retaining Wall w2 581 124.95 12,505
Excavation B s 123 sees
totar 01,263
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Concrete Crib

Existing Slope

Grid Type R/W

el
-

(8) Selection for I + 3.0 / No.38 + 740

Applicable Countermeasures:
~ Concrete Crib with concrete spraying and Anchoring

- @Grid Type Concrete Retaining wWall

Optimum Countermeasure:
As 1i1llustrated below, Concrete Crib is adaptable to the

location in topographical view point.

Existing Slope
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(9) Selection for I + 3.3 / No.39 + 30

Applicable Countermesasures:
-~ Concrete Crib with concrete spraying and Anchoring

- @rid Type Concrete Retaining Wall

Optimum Countermeasure:
As described below, Grid Type Concrete Retaining Wall is

advantageous to the location in economical view point.

Unit Quantity Remarks
Conorete Crib  m? 2,555 51.08 Us 130,509 US
Excavation W8 25,182 1z.13  a0s,457
total s
Grid Type R/W  m2 1,408  124.05 175,029
Excavation nd 17,200 1213 208,721
fotal  asses

Grid Type R/W
Existing Slope

-
rd
(E': \/f
rd
e
L,
7
// °
P
Vs
v
/
Vg
/
/
- j
U 4 '

(10) Selection for J + 4.9 / No.44 + 400

Applicable Countermeasures:
- Concrete Crib with concrete spraying and Anchoring

- Grid Type Concrete Retaining Wall

Optimum Countermeasure:
As illustrated below, Concrete Crib is adaptable +to the

location in topographical view point.
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Existing Slope R

P

(11) Selection for L + 3.0 / No.52 + 200

Applicable Countermeasures:

~ Stone Masonry Retaining Wall

- Concrete Pitching and Anchoring

- Grid Type Concrete Retaining Wall

Optimum Countermeasure: _ g

As illustrated below, since Concrete Pitching is not adapt-
able to the location in topographical view point, Stone
Masonry Retaining Wall or Grid Type Concrete Retaining Wall
should be applied. Comparing those retaining walls with
the cost, Stone Masonry Retaining Wall is advantageous to
the location. Existing Slope P

Concrete Pitching \//

Retaining W

Grid Type R/W m2

{(12) Selection for L + 6.1 / No.55 + 500

Applicable Countermeasures:
- Qoncrete Crib with concrete spraying and Anchoring
- @Grid Type Concrete Retaining Wall

Optimum Countermeasure: : :
As illustrated below, Concrete Crib is adaptable +to the
location in topographical view point.
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P
/ 1
~
(13) Selection for M + 1.6 / No.58 + 200

Applicable Countermeasures:
-~ Concrete Pitching and Anchoring

- Grid Type Concrete Retaining Wall

-~ Suppoerted Type Concrete Retaining Wall

Optimum Countermeasure:
As illustrated below, Concrete Pitching and Anchoring is

adaptable to the location in topographical view point.

Existing Sitope ya
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(14) Selection for N + 2.0 / No.66 + 500

‘Applicable Countermeasures:
- goncrete Crib with concrete spraying and Anchoring

- @Grid Type Concrete Retaining Wall

Optimum Countermeasure:

As  illustrated below, Concrete Crib is adaptable to the

location in topographical view point.
Existing Slope

(16) Selection for N + 3.0 / No.68 + 440

Applicable Countermeasures:

- Concrete Pitching and Anchoring

~ Grid Type Concrete Retaining Wall

~ Supported Type Concrete Retaining Wall

Optimum Countermeasure:
As illustrated below, since Concrete Pitching is not adapt-

able to the location in topographical view peoint, Grid Type
Concrete Retaining Wall or Supported Type Concrete Retain-
ing Wall should be applied.. Comparing those retaining
walls with the cost, Grid Type Concrete Retaining Wall is

advantageous to the location.

Exisiirg Slope

N
o Concrete Pitching
Retaining Wall_
- TN
.
~
Unit Quantity Unit Cost Cost Remarks
Grid Type R/W mé 1,006 124.95 US 125,699 US
Supported Type R/W m2 1,173 216.42 253,860
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(16) Selection for N + 4.7 / No.70 + 100

Applicable Countermeasures:

~ Stone Masonry Retaining wall

- Concrete Pitching and Anchoring

- Grid Type Concrete Retaining Wall

Optimum Countermeasure:
As illustrated below, Concrete Pitching is adaptable to the
location in topographical view point.

\ Existing Slope

(17) Selection for P + 0.9 / No.75 + 570

Applicable Countermeasures:
- Concrete Crib with concrete spraying and Anchoring
- Grid Type Concrete Retaining wWall

Optimum Countermeasure:
As illustrated below, Concrete Crib is adaptable to the
location in topographlcal view point.

Existing Slope
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(18) Selection for P + 3.6 / No.77 + 800

Applicable Countermeasures: _

- Concrete Pitching and Anchoring

-~ @rid Type Concrete Retalning Wall _

- Supported Type Concrete Retaining Wall

Optimum Countermeasure: _
As illustrated below, Concrete Pitching is adaptable to the

location in topographical view point.

Existing Slope

£67

S
=~

(19) Selection for P + 3.7 / No.78 + 100

T

Applicable Countermeasures:

~ Stone Masonry Retaining Wall

- Concrete Pitching and Anchoring

- Grid Type Concrete Retaining Wall

Optimum Countermeasure:

As illustrated below, since Concrete Pitching is not adapt-
able to the location in topographical view point, Stone
Masonry Retaining Wall or Grid Type Retaining Wall should
be applied. Comparing those retaining walls with the cost,
Stone Masonry Retaining Wall is advantageous to the loca-
tion.

Existing Slope

\‘\ Concrete Pitching
Retaining Wall
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(20) Selection for P + 4.0 / No.78 + 600

Appllcable Countermeasures:
- Concrete Crib with concrete spraying and Anchorlng
- Grid Type Concrete Retaining wall

Optimum Countermesasure:
As illustrated below, Concrete Crib is adaptable to the
location in topographical view point.

Existing Slope

S
~
\\\{i
a

(21) Selection for P + 4.9 / No.79 + 500

Applicable Countermeasures:

- Stone Masonry Retaining Wall

~ Concrete Pitching and Anchoring

- Grid Type Concrete Retaining wall

OCptimum Countermeasure:

As illustrated below, since Concrete Pitching is not adapt--
able to the locatlon in topographical view point. Stone
Masonry Retaining wWall or Grid Type Retaining wall shoeould
be applied. Comparing those retalnlng walls with the cost,
Stone Masonry Retaining Wall is Advantageous to the loca-

tion. - Existing Siope
> Concrete Pnchlng_
N

S Grid Type .
Retaining Wall

Stone Masonr

I Retagining Wol
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Stone Masonry R/W m2 355 54,38us 18.217us
Excavation m3 8,137 3.04 24.736
Total 42.953 -
Grid Type R/W m2 670 124.95us 83.716
Excavation m3 4,447 3.04 13.518
Total 97.234

(22) Selection for Q + 0.6 / No.80 + 350

Applicable Countermeasures:

- Concrete Pitching and Anchoring

-~ Grid Type Concrete Retaining Wall

~ Supported Type Concrete Retaining Wall

Optimum Countermeasure: L . .

As illustrated below, since Concrete Pitching is not adapt-
able to the location in topographical view point, Grid Type
Retaining Wall or Supported Type Retaining wall should be
-applied. Comparing those retaining walls with the cost,
Grid_  Type Concrete Retaining Wall is advantagecus to the

location. Existing Slope

Concrete Pitching \\\v,—;f”

—
- e

Retaining Wall
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(23) Selection for R + 0.3 / No.82 + 400

Applicable Countermeasures: _
- Concrete Crib with concrete spraying and Anchoring
- Grid Type Concrete Retaining Wall

Optimum Countermeasure:
As described below, (Grid Type Concrete Retaining Wall is
advantageous to the location in economical view point.

Unit Quantity Unit Cost Cost Remarks
Concrete Crib  m? 1,260  51.08 US 64,360 US
Excavation W 4,620 1213 s6,00
Totax 0,00
Grid Type R/W  m2 715 124.95 89,38
Excavation  md 1,910 1213 23,188
Total 12,500

Existing Slope

Concrete Crib

Grid Type R/W

AP-33



(24) Selection for R + 1.8 / No.84 + 350

Applicable Countermeasures:
- Concrete Crib with concrete spraying and Anchoring

- @Grid Type Concrete Retaining Wall

Optimum Countermeasure: a ' '
As 1illustrated below, Concrete Crib is adaptable to the

location in topographical view point.

Existing Slope
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Appendices 5-1 Pavement Design
Appendix 5-1 (1) Derivation of ESAL Factor

ESAL Factors were based on an assumed terminal serviceabil-
ity of 2.5 and structural number (SN) of 5.0. In most
cases, such an assumption provides information sufficiently
accurate for design purposes.

Axle Load Distribution {(front/rear) ESAL Factor
Vehicle Type mmm o mmmm  e  — —
{tons) {(Kips) (front/rear) (Total)

§ 0.6813 1.5 0.000%

PasEenger CAr  mos s e e e e e e e 0.0004
] 0.6174 1.4 2.0002
S 4.7248 10.4 0.088

Bus 0 mmmmmmmm e e e 1.598
8 9.0752 20.0 1.51
8 1.5816 3.5 0.002

Light Truck = =  ——m—mm— s e 0.004
8 2.0084 4.4 0.002
S 2.5084 5.8 0.010

Madium TrUcK = e e s i e i o o e s e e 0.044
5 3.6918 8.1 0.034
s 5.073 11.2 0.189

Heavy Truck  ~  —————— oo oo oo e 0.553
T 11.927 26.3 0.364
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Appendix 5-1 (2) Estimation of desigh Structural Numbers

The estimations of this design method used the recommend
nomogram are presented by each layer on page AP-38 to AP~
44 .

On the other hand, a method of "AASHTO Interim Guide for
Design of Pavement Structures 1972" is that the value is
estimated by assuming the CBR value as presented on page
AP-45 to AP-46. The results of this estimations are summa-
rized below:

Section No.0{Sants Barbara} HNo.48 No.60(Caranavl)
-No.48 ~No.80(Caranavi) —-End Point(Bella Vista)
Design CBR of 10.0 7.0 T.0

Roadbed Soil

Roadbed 2.5 (2.9 3.0 (3.0) 2.7 (2.7)
Sub-base Course 2.3 (2.3) 2.0 (2.0)
Base Courso 1.7 {1.7) 1.5 (1.5}

Note: Parenthesized figures indicate the values estimated
by AASHTO Interim Guide Method. Underlined figures
indicate the adopted values.

Reference: The adopted value (2.9) of roadbed in the sec
tion between No.0 (Santa Barbara) and No.48
corresponds to the elastic resilient modulus of
12,000psi. (AP-47)
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Highwoy Pavement Structural Design
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Highway Pavement Structural Design

SN for Roodbed
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SN for Roodbed

Highway Pavement Structural Design No. 60 (CGETGHGW )~ End Point{Bella ViSfG )
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SN for Sﬁbbase Course
Highway Povement Siructural Design No. O tSTO. Barbara )~ No.60 {Caranavi)

Fe oz
- ) - -
m A
o -
Q \\J % [n g
w N N\ :
5 \ . £
= \\\’§\ _ T3
= I 2
2 \\\ %\\ - @
O - c
5 ™ [\“B\k\\] - 'g
oy alr o
& S \‘Q\‘\Z;a
g w -
il fa1 )
{15d) ¥\ 'sapapon jusipsey ©
J105 PYQPOOH A1129))3 oW
’O a %
= 0\2 Iy} § t -
D oy T g
CJ m =
n” “ " L g‘) El
e o F a8
=]
{suolipw) "M‘suonuouddvjpooj sixy sjbuig |
{usjoainbl d¥-gi 1901 Pabuy)sy
2
[

(%)Y ‘Lingoray

AP-41



SN_for Subbase Caurse | ,
Highway Pavement Structural Design — No, 60 (Caranavi) - End Point (Bella Vista)
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SN for Base Course
Highway Pavement Strucsural Design No.O (Sta. Barbara ) - No.60 {(Caranovi )
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SN _for Base Course _
Highway Povement Siructural Deslgn No_ 60 {Caranavi) - End Point(Belle Vista)
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{1 Estimation by AASHTO Interim Guide Method

Step 1
The Soil support values for roadbed, base course and sub-

base course were estimated using the following scale estab-

lished.
SOTL SUPPORT VALUE (%)

1.0 2.0 1.0 4.0 5.0 6.0 7.0 8.0 2.0 10.0

1 1 1 l ) ! | i !
) i T 1 T EEIT] i T 1 TETTTI T

1 2 3.4 % 0 20 30 40 50 100 200

CALIFORNIA BEARING RATIO (CBRQ

Roadbed 10.0 5.1 No.Q - No.48
7.0 4.5 Ho.48 - End Point
Sub-base Course 30.0 §.8 The CBR wvalue was determlined by

the aveilability on site.

Step 2 '
‘SN for Road bed

No. 60 - End Point
Ho. Q@ -~ No. 48
Ho. 48 - Mo 6O

3=yl BUePDRT  unasl

5 Wig R - SN
No. O - No.48 5.1 861.066 0.9 2.9
No.48 - No.60O 4.5 861. 066 0.9 3.0
Na.60 -~ End Point 4.5 4 09. 645 0.9 2.7
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Npo.48

No.48
No.60 End Peint

SN for Subbose Course

slrele poriod]

B30, BURRGRY  waLLE
¥ Y

S Wisg
0 —~ No.48 8.8 86!1.066
- No.80 g.8 861. 066
No.&0 - End Point 8.8 409645

SN for Base Course

3= 0i,  BUeecaT WL
T s ’

s

0 — No.48 8.
- No.60 8.
8.

o onaipsle ported)

Wis
86 1.066
86 1. 066

406 . 645

oo,
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Highway Pavement Structural Design
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08x 10°
R = 85%

S

WIB

Design Siructural Number, SN

.45

APSI= 1T

2.9
Solution:

‘SN

MR = 12,000 psi

Cesign chart for flexible pavements based on using mean values for each input.



Appendix 5-1 (3) Determination of Layer Thicknesses

No. ¢ {(Santa Barbara) - No.48

SNy / a3 = 1.7 / 0.44 = 3.86 < =4

SMy* = gDyt = 0.44 X 4 = 1.78 > 8Ny = 1.7

(SNp ~ 8M1*) / agmp = (2.3 - 1.76 / 0,14 X 1.0 = 3.86 < D* = 6

SNg* = agDp*my = 0.14 X 8 X 1.0 = 0.64
SNy* + SNp® = 1.78 + 0.84 = 2.6 > 8Ny = 2.3

{SRg

1

(SNy* + SNy*)} / agmg = (2.9-2.6) / 0.11 X 1.0 = 2.73 < Dg* = §

No.48 — No.60 (Caranavi)

SN; / ag = 1.7 / 0.44 = 3.86 < Dy*= ¢
SNi* = ayDy” = 0.44 X 4 = 1,76 > 8Ny = 1.7

(SNp-8Ny*)/agmy=(2.3-1.76)/0.14 X 1.0 = 3.86 < Dy* = 6

BHo* = agDp®my = 0.14 X 6 X 1.0 = 0.84
BN1* + SNo® = 1.76 + 0.84 = 2.6 > 8Ny = 2.3

{SNg - {SNy* + SNg*)}} / agmg = (3.0 - 2.8) / 0.11 X 1.0 = 3.64 ¢ Dg* = ¢

No.60 (Caranavi) - End Point (Bella Vista)

8Ny / &g = 1.5 / 0.44 = 3,41 < D3* = 4

8N4* = ayDy* = 0.44 X 4 = 1.76 > SNy = 1.5

(SMy - SNy®) / agmg = (2.0 - 1,76) / 0,14 X 1.0 = 1,71 < D* = &
SNg* = agDp®my = 0.14 X 8 X 1.0 = 0.84

SMy* + 8Np* = 1.76 + 0.84 = 2.6 > BNy = 2.0

{8Ry - (SNy® + SMp*)} / agmg = (2.7-2.6) / 0.11 X 1.0 = 0.91 ¢ Dg* = 6

T

Note: In the AASHTO Guide (1986), a minimum thickness of 6
inches is recommended to aggregate base. Furthermore,
a minimum thickness of base and subbase should be 2.5
to 3.0 times of maximum aggregate diameter from
previous experience. Assuming that the maximum aggre-
gate diameter is 2 inches, the minimum thicknesses
should be 6 inches. As described above, all of the
estimated thickness of base and subbase were less
than the minimum thickness. Thus, the design layer
thickness of base and sﬁbbase adopted 6 inches of
minimum thickness.
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