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6.

6.1

ESTIMACION DE COSTOS

DESGLOSE DE COSTOS

6.1.1 Desglose de costos

El costo del proyecto fue desglosado como se muestra en la
Figura 6.1-1 :

(‘Costos de ——— Costos de Costo Directo
Proyecto Construcclidn {(C) ] de Construcetdn (D}

} — Material

Equlpo

L~ meno de Obra

L—- Gastos Ganarales

{administracién,
utilidades, ste.)
(G=Dx25%)
'—Costo de L— Losto de Ingenieria
Operacién y {E=Cx56.5%)
Mantenimiento

|— Costos de adguisiclidn de

tierras y compensacicnes

i— Costos de administracidén
(A=Cx1.5%)

L— Inprevistos
{F=(C+E+A)x15%)

Fig. 6.i-1 Desglose de Costos

Los porcentajes indicados en la Fig, 6.1.1 fueron determi-
nados considerando la magnitud del proyecto y el costo de
pProyectos anteriores, implementados en Bolivia por SNC.

Desglose en moneda nacional y extranjera

La porcion en moneda local del costo de construccién in-
cluye :

a) costo de materiales a ser adquiridos en Bolivia; por
" ejemplo, combustibles, lubricantes, cemento y ladrillos;

b) costos de mano de obra;

c) costos de adquisicién y compensacién de terrenos;

d} impuestos y derechos por materiales importados y equipo.
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El monto restante de los costos .de  construccién = serdn.
financiados por moneda extranjera, excepto los costos de
ingenieria y administracién que serdn financiados c¢on
moneda extranjera y local, respectivamente.

Costos de proyecto y costo de mantenimiehto
Resumen de costo de proyecto

En base a los volumenes de trabajo, y a los costos unita-
rios, que se describen mids adelante en este inciso, el
costo de proyecto fue estimado para cada seccién, como se
muestra en inciso 5.1.1, y luego sumadoc para obtener el
costo total.

El costo total de proyecto se muestra en Tabla 6.2-1,
mientras que los costos de construccién de cada seccidn se
muestran en Tablas 6.2-2(1) a 6.2-2(6). Adicionalmente, el
costo del proyecto fue estimado para camino de superficie
asfdltica y camino con superficie ripiada.
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Tabla 6.2-3(1) Costo Directo de Construccién de Puentes

~Unit + %
Name of Bridges - b G . P o Total
_ Duties Others:

Point A Br. 2= 132.5m 215313 | 296855 624590 1136758
Putini Br. 2= 40.0n 29482 62576 | 347723' 176781
Ghalla Br. - | €= 20.0m 16126 12476 15374 93376
Cascada Br. 2= 18.0n 12850 21484 |- 35272 75606
Alto Choro Br. | &= 50.0n 50155 79609 151110 260874
Pto Leon Br. 2= 75.0m 54932 107137 152700 314769
Cajones Br. 2= 125.0a 18337 286 | 52061 106654
Choina Br. 2= 122.0n 14020 27763 39109 80892
San Silverio Br.| 2= 50.0a 55234 93914 163853 313001
San Lorenzo Br. £=52,0n 58618 98708 173469 330795
Espiritu B 2= 52.0n 58231 98680 172688 328589
Carrasco Br. 2= 30.0n 36275 78285 98843 213403
Avaroa Br. 2= 125.0n 23232 34578 71059 128869

Total 542805 1074321 1864851 3581977

note Spr.S : Superstructure
Sub.S : Substructure
I : PCIl-compsite Girder
B : Box Girder
A : Abutment
P : Pler



Tabla 6.2-3(2) Costo Directo de construccién de Puentes

1. Unit ¢+ $
d b & F. ¢ Total
-1 . . ola
Name of Bri g°$ Duties - Others

Point A Br. Spr.S (B) 174074 195257 516789 886120
Sub.S (&) 4125 12273 10146 26544
(£=132.5m) | (P) 37114 89325 97655 224094
Subtotal 215313 296855 624590 1136758
Putini Br. . Spr.S.(B) 21502 34974 62124 118600
' Sub.S (A) 4612 184456 14121 37179
(2= 40.0m) (P} 3368 8156 8478 21002
Subtotal 20482 52576 84723 176781
Challa Br. Spr.S (D) 10839 17008 31660 59505
Sub.S (A): 5287 15470 13714 344N
(2= 20.0m) | Subtotal 16126 3z416 45374 93976
Cascada Br. | Spr.S§ (I} 8877 14953 25813 49643
Sub.3 (&) 3873 _ 12531 9459 25863
(€= 18.0m} | Subtotal 12850 27484 35272 " 75606
Alto Choro Spr.S (B) 41236 53891 128976 224103
Br. | Sub.S (4) 5930 17768 14547 38246
(2= 50.0m) (] 24489 7949 1587 18525
Subtotal 50155 79609 151110 280874
Pto Leen Br. | Spr.S (B) 48733 65842 117659 224234
Sub.8 (A) B169 24891 19871 52931
(2= 75.0m) (P) 6030 16404 15170 37604
Subtotal 54932 107137 152700 314769
Cajones Br. Spr.S (1) 13612 21701 39678 74991
Sub.S {A) 4725 14555 12383 31663
{¢=25.0m) | Subtotal 18337 36256 52061 106654
Chojna Br. Spr.S {I) 9528 15165 27768 52461
Sub.S (A) 4492 12598 11341 28431
{€=22.0m) | Subtotal 14020 27763 39109 80882
San Silverio| Spr.8 (B) 41236 538681 128976 224103
Br. | Sub.S (&) 8740 28516 24135 62391
(2= 56.0m) {3} 4258 11567 10742 26507
Subtotal 565234 93914 163853 313001
San Lorenzo | Spr.S (B) 43347 56708 135550 235606
Br. | Sub.§ {4), 7668 23526 18614 49809
(2= 52.0m) Py 7502 18473 19305 45389
Subtotal 586148 98708 1734649 1330795
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Unit

$

2.
Name of Brid L G F. C. Total
. ' . L. a
ane of Bridges Duties Others °
Espiritu Br. | Spr.S (B) 43347 56709 135550 235506
Sub.§ (&) 5245 19414 15069 40730
{€= 52.0m) (P) 4639 22555 22069 53263
' Subtotal 58231 98680 172688 324599
Carrasco Br. | Spr.§ (l) 21917 34423 64125 120465
: Sub. S (A} 14358 43862 34718 92818
(2= 30.0m) { Subtotal 36275 78285 98843 213403
Avaroa Br. Spr.5- (1) 20878 27008 65476 113360
_ Sub.S {4) 2354 7572 5583 15509
(£= 25.0m) | Subtotal 23232 34578 71089 . 128869
note Bpr.S : Superstructure
Sub,S : Substructure

S

S

I : PCl-compsite Girder
B : Box Girder

A 1 Abutment

P : Pier



6.2.2 Costo de mantenimiento

El costo de mantenimiento requerido después de terminar el
proyecto fue estimado en base a los trabajos mencionados en
inciso 5.5. Este costo se resume en Tabla 6.2-3. El proce-
so detallado de estimacién de costos se muestra en el Anexo

6-5.
Tabla 6.2-4 Costo de mantenimiento
(miles de dbélares, a precios de 1090)
: (unidad : 1000 $US)
Gravel Road Malntenance . Asphalt Road Maintenance Macadam Road Malntenance
Yaar L.C F.C Total L.C F.C Total L.C F.C Total
C.D  Other C.D  Other ¢.D  Other

ist Year 63 124 i81 378 26 B4 63 173 53 84 140 320
(315) (147) (267)

2nd Year 63 124 191 378 26 a4 63 173 53 127 140 320
(315} {(147) (267}

3rd Year 63 124 181 378 26 84 63 173 53 127 140 320
{315) (147} (267)

4th Year 127 247 381 755 25 84 63 173 106 254 280 &840
{628) (147) (534)

5th Year 127 247 381 755 26 84 63 173 108 254 280 840
(628) {147) {534)

6th Year 127 247 3sl 755 53 168 126 347 1086 254 280 640
{628) [294) (534)

7th Year 127 247 3Bl 755 53 168 126 347 106 254 280 640
(628) (294) {534)

Nota : {( ) : no incluye impuesios

6.2.3 computos métricos de Cantidades

En base al disefio preliminar, se estimaron los volumenes de
construccioén, como se muestra en Tablas 6.2-1 y 6.2-2. La
estimacidn detallada se muestra en el Anexo 6-1.

6.2.4 Costos unitarios

A través de deliberaciones con SNC, se determinaron los
costog wuwnitarios, gue estan representados en términos de
precios a 1990.



El precio unitario se dividié en tres categorias, es decir,
moneda local, moneda extranjera e impuestos. Los costos en
moneda local consisten en los siguientes items

a) materiales de construccién producidos en Bolivia, como
cemento, blogques de hormigén, aceites, pinturas. y
maderas; '

b) gastos en personal local;

c¢) costos de adquisicidon y compensacidn de tierras;

d) impuestos. '

.La parte restante de los costos es en moneda extranjera.

Para excluir impuestos del costo de proyecto, se aplicaron
las siguientes relaciones :

a) equipo de Cdnstruccién'importado 1 26.3 %
b) materiales de construccidn importados : 33.3 %
c) materiales de construccidn locales : 10.0 %

Los costos unitarios por item se muestran en Tabla 6.2-1.
En Tabla 6.2-5, se muestran materiales y trabajos incluidos
en cada item.
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Tabla 6.2-5 Materiales Principales y Trabajos Incluidos
en Costos Unitarios

1 : ivverd ' : . _
Clearing & Gruffin ha !Cleaning and gruffin t=30cm
& g! IWaste 8513 tFanspor iLzz.Ok%) '

i iExcava@ion,transportation distancexzkm),l
| . _ 1 lspreadlng and compaction for embankment.
Excavation A | m3 lUnlt rice is the weighted average by |

1 jexpec ed excavation volume of common i

; 8011, soft rock and hard rock. i

i ;Excavation,transpoytatign (distancezlkm):
| . | Lo spoilbank and d1890$1n§. 1
|Excavation B i m® Unit price is the weighted average by |

1 | eXpec ed excavation volume of soll, softl

: yrock and hard rock. i

:Finished Rolling | m3 iComEacteq by motor grader (3 times) and ;
Iof Subgrade o .Ru?_gf_tlred rolier (§_t1mes) :
i I . :
P | Spraying, m2 !Speed spraying by manpower '
Is1op : Concrete! jConcrete t=15cm, wirg netiing :

. Spraying, m? 'Anchor (L=4Ccm, 0.5mé per unlf) i

|

|

IRetaining| Stone ! m2 !Counterfort width B=35cm, Backfilling |

wall Masonry with conerete t=15em, Backfilling
! | | [ ]
i i h (wWith cobblestone t=20cm |
! lGrid type! m2 !Counterfort width B=1.0m {
:Cul- | Box ! !Concrete 2.0 x 2.0 l
:vert 1 Pipe i m Concrete pipe{600) with in-let & out-leti
T T T T qabbaea 19 TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 1
Subbase

: } Course : m2 iCrushed_stone (1=150cm) including :
I I H ;compaction i
: l Base | m2 iMechanical stabilization (t=15cm) i
IPave" i Course | (including compaction i
}ment : Binder ; 2 ; . }
| i Course | m yHot-mixed asphalt 1=7cm |
| Dsurface | , ¢ |
I | Course | m2 JHot-mixed asphalt t=5cm |
: i Lining ; m  Excavation of hard rock, concrete :
I I H ylining, much transport, pavement i
ITunnel {Unsup~ i m ;Excavation of hard rock, shotcrete, {
I jported | lmuch transport, pavement |
i

]



7. EVALUACION GENERAL Y PROGRAMA
DE IMPLEMENTACION



(1)

(2)

EVALUACION GENERAL Y PROGRAMA DE IMPLEMENTACION
Evaluacién general del Proyecto

En base al amplio rango de estudios de ingenieria y econo-
mia, elaborados por el equipo de estudio del Proyecto de
Mejora de 115.5C km de carretera desde Santa Barbara hasta
Bella Vista, el Proyecto fue evaluado como sigue:

La Red Fundamental No. 3 (incluida la seccidén objeto del

presente proyecto), ademas de ser una via troncal de la red
nacional, .es también una parte importante de la infra-

-estructura necesaria para la penetracion y explotacion de

las tierras bajas del norte.

La necesidad de desarrollar esta regidén del norte es una de
las principales politicas nacionales, y viendo desde esta
perspectiva, la regién entera (excluyendo el tramo de este
proyecto) ha  sido o estd siendo mejorada a un nivel de
camino de dos vias, con buen alineamiento geométrico. Esto
garantiza que los vehiculos pueden transitarse en cualquier
momento, a lo largo de todo el camino, incrementando efi-
ciencia y seguridad.

Por 1lo tanto, el tramo en Proyecto se constituiria en un
"cuello de botella", después de que estén terminados los
trabajos de mejoramiento en los otros tramos en un futuro
cercano.

Por lo expuesto, se confirma que el mejoramiento del tramo
en Proyecto, es esencial.

Después de realizar varios estudios comparativos, se con-
cluye gue el Proyecto (por ejemplo, el alcance y método de
trabajos de mejoramiento) deberia ser como se describe en

‘el siguiente inciso, "7.2 - Descripcidén del Proyecto".

El costos total del Proyvecto, y de la construccién en este
casa, han sido estimados en US$ 188 millones y US$ 152
millones, respectivamente.

Se debe prestar especial atencién a los siguientes puntos

en el Proyecto

1) E1 alcance de las mejoras (por ejemplo, incremento de
ancho del camino existente, y construccidn de variantos)
es como sigue
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(3)

longitugd total . . 108.63 km. . . -
(camino existente : 115.5 km)

por incremento de ancho : 92.29 km (85 %)

por construccidn :. 16.34 km (15 %)

2) E1 volumen de movimiento de tierras serd considerable-
mente grande,. y su costo contard por mids de 60 % del
total. Sobre todo, deben ser desechados 8.7 millones de
metros eibicos de suelo, que equivalen al B85 % del
volumen total de corte. : '

En el estudio se ha confirmado que es posible encontrar
suficientes bancos de desecho para depositar tal volumen
de material. Esto seria en las inmediaciones del cami-
no, minimizando perturbaciones en el medio ambiente,
mediante cuidadosa planificacién y su habilidosa
utilizaciodn. :

3) Como el Proyecto incluye grandes  volumenes de
excavacién, se considera que desastres .inevitables, como
fallas . de talud, ocurrirén con frecuencia después de
terminar 1as operaciones de movimiento de tierras. Se
requiere un pericdo de algunos afios, hasta que se pueda
considerar al camino mejorado como estabilizado,.

For las razones que se indican a continuacidn, se recomien-—
da que el Proyecto sea implementado en dos etapas. Es
decir, que el pavimento de concreto asfdltico debe ser
construido en una segunda etapa, tres afios después de 1la
terminacién de la primera etapa de construccién. Esto se
debe hacer, a pesar de que el resultado de 1la evaluacién
econdmica indica gque es mejor la construccidn temprana de
la capa de superficie.

1) es probable que trabajos de reparacién de desastres
causen dafios al pavimento, por lo que seria mejor tener
una superficie de grava por algunos afios después de
terminar el movimiento de tierras, etapa en la que los
desastres son mids probables.

2) asumiendo que el mejoramiento estaria terminado en el
afio 2000 (como se describe mds adelante), en base al
AASHTO Pavement Design Manual, se ha confirmado que un
camino ripiado, sin capa asfdltica, abasteceria a la
carga esperada de trafico, por un total de tres afios,
hasta 2003.

3) Otros tramos de la Red Fundamental No. 3, adyacentes al



tramoc en Proyecto, serdn mejoradas usando capa de trata-
miento superficial asfaltico o superficie ripiada.
Considerando 1la c¢ontinuidad y consistencia con estos
tramos, no seria satisfactorio que soloc este tramo tenga
un pavimento de carpeta asfditica.

En el estudio, no se ha aceptado la adopcidén de la capa de
superficie con tratamiento superficial asfaltico, por 1las
siguientes razones:

a) Refiriéndose a manuales comunes de disefio de pavimentos,
como AASHTO, es aparente que un pavimentce so0lo con
superficie de tratamiento superficial asfaltico, no
puede soportar satisfactoriamente la carga de tréafico

esperada.

b) Ademés, la durabilidad de una capa de tratamiento super-
ficial asfaltica es corta. En el caso del tramo en
Proyecto, que estd sometida a mucha liuvia (la
precipitacidon anual estimada estd entre 1,800 y 2,500
mm), una capa de tratamiento superficial asfaltico, de 3
- 3.5 cm de espesor, quedaria destruida dentro de un

periodo de 5 — 7 afies de su construccion, y seria nece-
sario colocar otra capa de carpeta asfdlticica en ese
tiempo. )

¢) Comparando dos casos : 1) construyendo una superficie
de tratamiento superficial asfaltico (3-3.5 cm de espe-
sor) en el inicio, ¥y luego colocando una nueva capa de
carpeta asfdltica (espesor 12.5 cm), 5 afios después, y
2) construyendc una capa de carpeta asfdltica (espesor
12.5 cm)} en el inicio.

En el estudio econbdmico se ha confirmado que el primer
caso no es necesariamente el mas ventajoso, aln desde un
punto de vista socio-—econémico. Ademds, a pesar de que
el monto de inversién inicial seria de 7.1 % menor que
en el segundo caso, el monto acumulado de inversion,
hasta la construccién de la nueva superficie, seria 4.2
% mAs. Esto también indica que el primer caso no siem-
pre seria mads beneficioso que el segundo.

(4) En el caso de construccién en dos'etapas, como se describe
en la cldusula anterior, (3), el efecto socio-econdmico ha
sido estimado como sigue:

18.7 %
Uss$ 97,625,000

- IRR'(tasa interna de retorno)r
- NPV (valor actual netoc - 1990)
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(1)

(2)

Se puede considerar que estos valores indican que el

yecto es faotible para el pais.

DeSCr1p016n del Proyecto

El lineamiento del Proyecto recomendado, derivado

resultado del estudio, es como sigue:

Generalidades

»*

punto de partida del Proyecto : Santa Bdrbara
punto final : Bella Vista

+*

Pro-

como

(Nor Yungas, Dpto. La Paz)

longitud de la carretera de Proyectada

L .

camine abierto :  107.11 ‘km
‘puentes : 0.77 ¥m (14 puentes}
taneles : 0.75 km ( 2 tineles)
Total - 108.63 km

* caracteristicas de la carretera

categoria : Clase I.B

velocidad de disefio : 40 km/h

ancho del camino : 9.0 - 10.4 m (variable)
numero y ancho : 2 carriles x 3.5m = 7.0m
del carril

pavimento : con capa superficial de
capa de carpeta carrpeta asfaltica

Principales items de trabajo

¥ movimiento de tierras .
volumen de corte : 10,220,000 m3 (C)

volumen de relleno : 1,513,000 m3 (E)
volumen excadente : 8,707,000 m3 (S=C-E)
* puentes : 13 puentes
* toneles 2 tineles

* pavimento

sub-base t = 15 cm; v = 159,800 m3
base :t = 15 cm; v = 153,800 m3
superficie : t = 12.6 cm; v = 123,500 m3
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* drenaje
alcantarilla cajon : 11 lugares
alcantarilla de tubo : 428 lugares
(x 20 m = 8560 m)
* muros de contencién y otras estructuras

(3) Costo estimado

Tabla 7.2-1 Resumen de estimacién de costos
(unid.: Us¢ 1,000)

Foreign Currency Local Currency Total RATE
Construction Cost soam sra0e e 0%
Others 18,472 - 17,364 36,831 20 %
broject Cost 108,951 shass sz 100 %
''''' mre sx asx awex

Un desglose de costos de Proyecto, para cada sub-seccidn,
se muestra a continuacién

Tabla 7.2-2 Costo estimado por sub-seccidn

distance Project Cost

Sub-section (km)  (US$1000) (%) (1000$/km)
§£EEa Babara

- Point ¥ 25.30 48,839 25.9 1,830

- Point K 21.46 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 7.33 7,347 3.9 1,002
Total 108.63 188,420 100.0 1,735

7.3 Programa de implementacidn

(1} Inicio de construccidn

Se asume que el inicio de los trabajos de construccién para
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(2)

(3)

el Proyecto serd en 1996, en base'al'siguiente cronograma

- 1991 - 1993 : 2.5 aflos, para disefio final y estudio
o de impacto ambiental.
-~ 1994 - 1995 : 2 aflos, para tramites de financiamiento
¥ licitaciones de construccién.
- 1996 ~: inicio de construccién.

Periodo de construccién

Como se describidé previamente, el Proyecto incluye un gran
volumen de operaciones de movimiento de tierras. Por lo
tanto, se considera que el tiempo requerido para terminar
la Etapa 1 de construccién del Proyecto serfia de b afios.
Asumiendo que la eficiencia de la construccién en los cinco
affos iniciales sea una mitad que en los otros afios, para
asegurar la terminacidén dentro de cinco afios, 1la produc-
tividad mensual promedio seria

¥ longitud de camino terminado : 2.25 km/mes

* movimiento de tierras 1 212,000 m3/mes
. (aprox. 10,000 m3/dia)
* produccién i 3,925,000 US$/mes

(costo de construccidon)
8i 1la construccién se ejecuta dividiendo cada etapa del
Proyecto en varias sub-secciones, las cifras indicadas
serian peosibles, pero no necesariamente fdciles de obtener.
Cronograma de implementacion
En base a las consideraciones indicadas, y asumiendo algu~

nos hechos hasta este punto, el siguiente diagrama ha sido
derivado como un cronograma de implementacion:
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(4)

(1)

(2)

lgﬁli : r1993| IIQ‘JSl (1997 119991.‘ | ool

Designing & ‘ 7 ‘
Slﬁdyi ng
Financing & ,
Tendering

Construction

Fig. 7.3-1 Cronograma de implementacidn
Requerimiento anual de fondos
En base al cronograma de implementacién indicado, el reque-

rimiento anual de fondos para construccién, se ha estimado
como sigue

- 1998 20.934 Millones US$
- 1997 41.872 Millones US$
- 1998 41.872 Millones US$%
- 1998 41.872 Millones US$
- 2000 41.872 Millones US$

Total 188.420 Millones US$
Estudios posteriores recomendados

E1l disefio final del Proyecto, a ser elaboradoc después de
este estudio, debe incluir los siguientes estudios:

Levantamiento topografico

En vista de que la topografia del area del Proyecto es
accidentada y complicada, se debe preparar un mapa
topografico de precisidén antes del disefio final. Como
minimo, se Trequieren un mapa geheral a escala 1:1000, ¥
mapas en escala 1:500 de algunos sectores especificos.

Para este propdésito, es necesario realizar levantamientos
del terreno, detallados y suficientes, para complementar ¥y
verificar el mapa elaborado mediante fotografia aerea.

Investigacidén de condiciones de sub-suelo
Para una estimacidén precisa de costo de movimiento de
tierras, se debe obtener la informacién disponible para el

disefio de la sub-estructura en los sitios de construccién
de puentes, asi como informacidén fundamental para determi-
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(3)

- (4)

(5)

har disefic y métodos de construccidn de tuneles. Ademds,
en el curso del disefio final, se deben reallzar investiga-
ciones detalladas de las condiciones del sub-sualo.

Investigacidén de materiales
En este estudio se ha considerado que se - pﬁéden utlllzar

grava.y arena de los Rios Alto Beni y Suwapi, mientras que
de los Rios Coroico y Yara se puede obtener material para

agregados, sub-base 'y base, respectivamente. Parte de la

roca obtenida en el movimiento de tierras tamblén puede ser
usada en las capas de sub-base y base.

Es necesario verificar que esta idea de empleo de mater-
iales es adecuada, tanto en cantidad como en calidad, para
lo cual se deben efectuar investigaciones y andlisis més
detallados. g ' '

Divisién de las etapas del Proyecto en sub-secciones

Como se indicéd previamente, una de 1las caracteristicas
distintivas de este Proyecto es que s8e reguiere enorme
volumen de movimiento de tierras requerido. Con el objeto
de terminar los trabajos en un periodo de tiempo menor,
podria ser conveniente dividirlo en un limitado nimero de
sub-seccicnes, y ejecutarlo empleando varios grupos de
contratistas.

Cuando se disponga de un resumen del contenido del disefic.
final, se debe estudiar y examinar profundamente la
divisidén en sub-secciones. '

Determinacidén de areas para depésito de excedentes

Para el Provecto se ha estimade un veolumen de ocho millones
de metros cubicos de suelo excedente.,  Desde un punto de
vista de preservacién del medio ambiente, este material
excedente dehe ser depositado en areas pre—-especificadas.
Con este objeto, en el curso del disefio, se deben buscar vy
estudiar un suficiente namero de posibles areas para este
propésito. '
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Apéndice 1-1

(1984-1981)

Lista de los Proyectos Camineros
en Ejecucidn
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Apéndice 4-1 CAlculo del Sobrcancho

en Curvas.

ASHTO's Formula (B 50/40)

SU DESIGN
VEMIGLE
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1 ow o= W, ~ W,
(2} We = NIUSC) + (N-1IF, + Z

N = Number of lanes
w = widening for pavement on curve, {t,

We » width of pavement on curve, f1.

‘3 U e+ B o~ A - (7

4 F, = Y RZ + Al2L + A) - R
{5t 2 = v/ VR

_ SNG's Formula (SR=WB50)

S=2(R- R - (L2 L))+ (V" R+ A (2L, +A) -R) +

¢

=2 (U-u) tFat12
l P4

R=45 = 2.56 +0.12 + 0.62 = 3.26
{WB50)
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l | Wy

= width of pavement on tangent, f.

= track width of vehicle {out-to-out tiresi, ft,

= [ateral clearance per vehicle; assumed 2,25 &
3 It for W, of 20, 22 & 24 ft, respectively.

= width of front overhang, ft.

= extra width allowance for difficulty of driving
on curves, ft,

= track width on tangent {outte-out] 8.5 R
= radius on centerline of 2Jane pavement, ft
= wheelbase

= front overhang

= design speed of highway, mph

v
10 /R
=Wt (Wn-2{utC))
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Apéndice 4~2

Estimaciones del Costo

de las Alternativas
(Alineamiento Geomdtrico)

Comparison of Cost Estimaticn of Construction

Tor Road Improvement

Unit .i.Prevelent : Hex Alignsent Dual Carriage Way Road
ltewm Unit éost of [Existing Road _ )

Volume Cost Voluae Cost Voluze Cost
Clearing and Grubbing at LM 21,300 108,330 33,000 130,020 18,000 149,720
-1 8eil @’ 3.04 29,525 | . 89,756 51,750 115,560 15,475 107,844
Bucavation POt Rock STl 11| naees|  35.650| 4zo,a04|  21,285] 28,187
of Road Rard Rock s’ 15.03 11,810 177,504 23,100 41,181 14,190 213,218
Eabankment x? 5.03 [} 0 0 4 0 9
Pavenent et | 16.68 5,000 150,120 9,000 159,120 | 11,000 183,480
Soil n? 1.3 11,500 15,085 14,000 18,340 15,825 20,731
Slope but- Rock 2 | 2118 11,300 242,650 14,400 295,400 15,825 313,907
Eebankment 8! 1.31 0 [} ] 0 ] 1
Drainage Ka 23.266 1.6 23,266 e 23,266 2.0 40,342
Dirzct Cost 1,025 1,560,203 1,308,087
[ndirect Cost{25X) 255,393 380,051 02
Construction Cost 1,276,993 1,958,254 1,635,109

Cost Estimation

around Point (L) (Santa Ana)

imprevement
Unit New Alignment
I[ten Unit of [Existing Road
Cost —
Volume Cost Volume Cost
Clearing and Grubbing m? 3.94 10,710 778,834 67,600 266,344
. Soil n?® 3.04 152,285 462,946 122,318 372,029
Excavation
Soft Rock n? 12.13 £59,263 791,664 52,447 636,182
of Road
Hard Rock n® 13.03 - - - -
Enbankment ot 5.03 31,500 158,445 44,625 224,484
Pavement n? 15.68 21,000 450,360 21,600 360,288
tat Soil a* 1.3 31,963 41,348 26,460 34,663
it -
Slope flock a? 21.10 13,527 285,420 11,345 239,274
Embankment ) a? 1.3t 5.700 7.487 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%) 636,571 555,727
Construction Cost 3,182,853 2,776,385
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Cost Estimation around Point (0)+1. 8Km

- Unit Inpreyeqent_" , New Alignment
Itenm Unit L - of Existing Road _
Cost —
Volume. Cost |  Volume Cost
Clearing and Grubbing . a® [ 3.94] . 17,370 68,438 13,335 52,540
st & 3.04 . 65,363 195,564 21,000 63,840
Bucavation oot Rock w2 | 1213 28,0121 339,786 9,000 109,170
of Road - Ird Rock w | 15.03] - - ~ -
'| Embankment n® 5.03 - .- 6,188 31,128
1 Pavement n? 15.68. 5,480 90,072 4,858 81,065
Soil u? 1.3 10,962 | 14,350 4,069 5,330
stope | "% [Rock 2t | 21.10 4.698] 99,128 1,744| 36,798
Embankment m? 1.3 - - 2,475 3,242
Drainage " Km 23,266 0.60 13,956 | ©0.54 12,560
Direct Cost. 821,404 395,671
indirect Cost{25%) 205,351 98,918
Construction Gost 1,026,755 494,589

Cost Estimation Around Point (Q) +5Km

. Imprevement
Unit ; New Alignment
I[ten Unit of Existing Road
Cost
Volume Cost Volume Cost
Clearing and Grubbing m? 3.94 22,360 88,098 21,300 83,522
Soil * 3.04 33,677 102,378 17,750 53,960
Excavation
Soft Rock n? 12.13 33,877 408,502 17,758 215,308
of Road
Hard Rock (e 15.03 - - - -
Embankament o? 5.03 9,875 48,965 22,137 111,349
Pavement m? 16.68 16,800 180,144 10,800 180,144
Cut Soil n? 1.31 19,815 '14.158 4,200 5,502
u
Slope Rock 1® 21.10 10,815 228,197 4,200 88,620
Fmbankment n® 1.31 1,100 1,441 6,050 7,926
Drainage Ke 23,266 1.2 217,919 1.2 27,919
Pirect Cost 1,099,512 774,650
Indirect Cost(25%) 274,878 183,663
Construction Cost 1,374,390 968,313 |.
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Cost Estimation from Point @ to @

: Earthwork Tunnetl
Item Unit Unit Cost
Volume Cost Volunme Cost
Length of Earthwork m 1,675 4,600 7,705,000 3,640 &,097,000
Tunnel e 7,354 - - 500 3,677,000
Total 7,705,000 9,774,000

Cost Estimation from Point ® to @

Unit New Alignnent New Alignment
Iten Unit _ (Earth-¥ork) (Tunnel)
Cost
' Volume Cost Volume Cost
Clearing and Grubbing m? 3.94 33,047 130,205 21,311 83,965
Ekcavation. Soil n® .04 36,070 108,653 23,994 72,942
of Boad Soft Rock - n? 12.13 72,141 875,078 47,987 582,082
Rard Rock m* 15.93 72,141 1,084,279 47,987 721,245
Embanknent n® 5.83 33,516 169,088 47,952 241,199
Pavement n? 15.68 12,109 201,911 6,075 161,331
Cut Soil m* 131 3,756 4,920 1,636 2,143
Slope Rock n? 21.10 33,808 713,349 14,724 310,676
| Eabankaent n? 1.31 2,271 2,975 4,108 5,381
Drainage Km 23,266 1.3 30,248 1.1 25,593
Lining n 5,833 - - 50 705,960
Tunnel ztigzziig?mbering n | 4,547 - - 390 | 2,796,405
Retaining wall (H=7.0m) n 70 35 - - -
Birect Cost 3,345,146 4,272,867
Indirect Cost{Z5%) 536,287 1,068,217
Construction Cost 4,181,433 5,341,084

Cost Estimation from Point ® to @
Earthwork Long-span Bridge
ftem Unit Unit Cost
Volume Cost VYolume Cost
Length of Earthwork @ 1,675 1,800 3,015,000 710§ 1,189,250
Long-span Bridge m? 5,400 - - 1,825% 9,835,000
Total 3,015,000 11,044,250
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Cost Estimation from Point (8) to (V)

. . laprevement, . i
: ' Unit New Alignment
{ten Init : of  Existing Road
S Cost - -
: Volume - Gost Volume |  Cost
Clearing and Grubbing o | - 3,94 307,180 | 1,210,289 283,650 | 1,156,981
) Soil n? "3.04 468,600 { 1,424,544 329,840 1 1,002,714
Excavatien
. d. Soft Rock a® 12.13 351,450 | 4,283,088 247,380} 3,000,719
of Roa . —ee - —

: Hard Rock n? 15.03 351,450 5,282,294 247,380 3,718,121
Eabankment n® 5.03 377,100 | 1,898,812 259,875( 1,307,111
Pavement n? 15.68| 123,930 2,067,152 115,550 | 1,344,034

' cut Soil n® 1.31 105,874 138,699 59,584 78,053
u . 1
Slope . | Rock n? 21,10 158,811 1 3,3%0,912 89,376 1 1,885,833
| Eabanksent n? 1.31] 31,500 41,265 50,820 66,574
Brainage - Ka 23,266 13.77 320,373 12,95 361,295
Direct Gost 19,995,426 14,461,517
indirect Cost{25%) 4,998,857 3,615,379
Construction Cost 24,994,283 18,076,896
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Apéndice 4-3 Estimaciones del Costo

_ _ de las Alternativas (Puentes) _ rg:“_jf
Point A | (Poute @) _ Unit : US$
Name of Work _3 Type Unit | Volume | Unit Cost Cost Remarks

Excavation {Soil) n? 5,095 8.48 43,206
(Soft Rock) . o | 20,379} 12.13 247,187 TV=25,47dn?
(Hiard Rock) o’ - -
P a"e“égziriage e} 0 1,555 16.68 25,937
| Sub-Total ' 316,340
Bri(gﬁgerstructure) o? 1,235 1,370 1,591,950 2=1308 -
(Abutaent) n® 130.2 278.4 36,248
(Pier) | 7388 251.5 185,808
Sub-Total : 1,914,006
Total | 2,230,346
| =7
Point & (Poute @) Unit : US$
Name of Work Type | Unit } Volume Unit Cost Cost. Remarks
Excavation(Soii). n? 590 7 8.48 5,012
(Soft Rock) n? 2,366 12.13 | 28,700 LV=2,957a
{Hard Rock) a® - - -
Pa"e“;ggtriage o) n? 808 16.68 13,477
Sub-Total | 47,189
Bri(gﬁﬁerstmt-ure) a? 1,283 | 1,370 : 1,751,710 2=135a
(Abutaent) m? 130.2 278.4 ' 36,248
Pier) n? 996.0 251.5 250,494
Sub-Total 2,044,452
Total 2,091,841
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Unit : USS

Patuni (Poute )
Nome of Work | Type | Unit | Voluge Unit Cost Cost Resarks
Excavation (Soi1) @ | 1220 8.48 145,026 |
(Soft Rock) a® | 43,050 1213 522,197 £Vo86, 1002
(ard Rock) w | 25,870 15.03 368,826
Pavement a? 7,015 16.58 117,010
{Carriage Way)
Sub-Total 1,174,059
B“(gﬁgers cructure) 2 32 830 258,960 2=30n
(Abutaent) 2 215.6 278.4 §0,023
(Pier) al . ) ~
Sub~Total 318,883
Total 1,493,042
[B- 4]
Patuni (Poute @) Uit ﬂS&
Hame of Work Type Unit. Voluze fnit Cost Cost Remarks
Excavation{Soil) z* 7,820 .48 £6,3i4
(Soft Rock) 2 | 19,550 12.13 237,142
(Hard Rock) &2 | 11,730 15.03 176,302 ¥V=39,1002°
Pa"e"(‘gg:riage oy " 6,325 16.68 105,501
Sub-Total 585,259
B tructurd) u? 468 830 198, 440 2=45n
(butaont) & 215.6 218.4 60,023
(Pler) 2 221.5 251.5 55,707
Sub-Total 514,170
Total 1,009,478
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Patuni {Poute @) Unit : LSS -
Name of Work Type loit | Volume Unit Cost Cost Remarks
Excavation{Soil) 5 3,449 1 8.48 29,248 |

(Soft Rock) w* 8,623 12.13 104,597 EV=17,2460°
(Hard Rock) R | 511 15,03 77,765
Pa"e"gg::riage o o 3,335 16,58 55,628
Sub-Total 267,238
B”(gﬁ:erstmtm) a 797 1,370 1,001,890 2=40n
(b atnent] 2 118.8 2778.4 23,074
Pien 2 | 1,045.0 251.5 262,818
Sub-Total 1,387,782
Total 1,655,020
| [B- 6]
‘Challa {Poute @) Unit : USS
Name of Work Type Unit | Volume Unit Cost Cost Remarks
Excavation{Soil} B 23,740 8.48 201,315
(Soft Rock) 2 | 12,002 12.13 145,584 V=35, 1420°
{Hard Rock) n? - - -
P‘*"""(‘gg:riage es) @ 6,785 16.68 113,174
Sub-Total 460,073
B”(gizerstructure) n? 312 830.0 258,960 £2=30n
(butaent) a? 118.8 278.4 33,074
{Pier) u j - }
Sub-Total 292,004
Total 752,107
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=

Challa {Poute @) Unit :US$
Hamé of Mork Type Unit | Voluge Unit Cost Cost Remarks
Excavation {Soil) n? 12,220 | 8.48 103,628
{Soft Rock) o’ 10,137 12.13 122,962 LY=22,357a°
(Hard Rock} n? - - -
Pa"e“iggtriage o) i | 5980 15.68 99,746
Sub-Total 326,334
Br"(gﬁ‘:ers crctare) ? 570 830 473,100 2+50
(Abutnent) i 143.4 278.4 39,922
(Pier) n? 150.9 251.5 37,951
Sub-Total 550,973
Total 877,307
Challa {Poute @) Unit :US$
Name of Work Type Unit | Volume Uit Cost Cost, Remarks
Excavation {Seil) ® 15,480 8.48 131.270
{Soft Rock) n® 5,834 12.13 78.786 TV=21,314m?
(Hard Rock) a® - - -
P""""Egg:riage Hay) a? 3,196 15.58 53,209
Sub-Tetal 255,245
Bri(gﬁ:erstructure) wt 345 1,370. 1,296,029 2=110m.
(Abutient) ? 115.4 278.4 32,127
(Pier) n? 351.2 251,59 88,327
Sub-Total 1,416,474
Total 1,671,718
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.t San Siiverio (Poute @) Unit :US$
Name of Work Type Unit | Volume Unit Cost Cost Remarks
Excavation (Soi1) PS 1,030 8.48 8,734
(Soft Rock) n® 8,350 12.13 108,563 ZV=9,980n°
" (Hard Rock) n? - - -
Pa"e‘g:ﬁriage ) n? 2,280 16.68 38,030
Sub-Total 155,327
Brigﬁierstructum) w? 380 830 315,400 2600
(Abutment) 6’ 118.8 218.4 33,074
{Pier) n? 150.9 251.5 37,951
Sub-Total 386,425
Total 541,752
| B—~ 10
San Silverio {Poute @) Unit :USS
Name of Work Type Unit | Volume Unit Cost Cost femarks
Excavation (Soil} n? 680 3.48 5,766
(Soft Rock) o® 3,584 12,13 43,474 V=4, 264m”
(Hard Rock) m* - - -
e iage Woy) 2 1,305 16.68 30,107
Sub-Total 13,347
B rstructure) u? 760 830.0 361,000 250
(Abutment) m? 143.4 278.4 35,923
Pier) o? 150.9 251.5 37,951
Sub-Total 438,874
Total 518,221
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IB--. 11.

{Poute @)

San Lorenzo Uhit ¢ USY
Name of Work Type Uit | Volume Unit Cost Cost Reaarks .'
 Excavation (Soi1) a* | 87,300 8.48 740,304
{Soft Rock) a° 52,380 12.13 635, 369
(Hard Rock) W | 34,920 15.03 524,848 LY=174,5002°
P a"e?g::riage oy w? 7,125 12.90 91,913
Sub-Total 1,982,434
B’i(gﬁﬁerstmture) a® 415 830 394,250 2=50a
(Abataeat) %® 129.0 218.4 35,914
(Pier) a® 183.8 251.5 46,226
Sub-Total 476,390
Total 2,468,824
Sqan Lorengo {Poute @) Unit : US§
Nawe of Work Type Unit | Volume Unit Cost Cost Remarks
Excavation (Soil) 2 | 56,330 8.48 477,678
(Soft Rock) w ] 93,798 12.13 409,970
(Hard Rock) a® | 22,532 15.03 138,656 T V=112, 66007
Pa""”‘zggimge o) 02 6,650 12.90 85,765
Sub-Total 1,312,089
B"‘(‘S'fiers tructure) &t 570 30 3,100 250
(hutacnt) w? 167.3 278.4 45,576
(Pier) P 183.8 251.5 42,226
Sub-Total 565,902
Total 1,877,991
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F-735]

San Lorenzo (Poute ) Unit : US$
Name of Work Type Unit | Voluse Unit Cost Cost Remarks
Excavation (Soil) »* | 33,669 8.48 265,513
{Soft Rock) n® 20,201 i2.13 245,038
(Hard Rock) n? 13,467 15.03 202,409 LV=67,387="
Pa"'”;g::riage o) 2 2,850 12.90 36,765
Sub-Total 769,725
B’i(gﬁ:erstmcme) Y 1,118 1,370 1,531,560 2=13a
{Abutment) md 167.3 278.4 46,576
(Pier) z® §30.3 251.5 158,520
Sub-Total 1,736,756
Total 2,506,481
=
Espirith (Poute @) Unit 5 US$
Name of Work Type Unit | Volume Unit Cost Cost Remarks
Excavation (Soil) n® 15,500 8.48 131,440
{Soft Rock) w? 18,7492 12.13 191,592 ZV=11,29%"
(Hard Rock) n? - - -
Pa"“":ggiriage o9 a? 2,871 12.90 37,035
Sub-Total 360,027
Bri(%ﬁierstruatufe) o’ 364.0 830.0 302,120 2=35
(Abutment) &* 105.8 278.4 29,455
(Pier) a® 164.0 251.5 41,245
Sub-Total 372,821
Total 732,848
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[B- 15]

Espirith (Poute @) Unit & USS
Name:of Work _ Type Unit _Volume Unit Cost Cost, Remarks
Fxcavation{Soil) - n? 5,248 8.48 44,503
(Soft Rock) n? 5,100 12.13 61,863 LV=10,348a3
(Hard Rock) ) n® - - -
P a"“?ggﬁriage o) | 2,876.6( 12.90 37,109
Sub-Total 143,475
B"i(gﬁsers tructure) n? 475 830 394,250 2=50m
(Abutnent) n? 123.0 278.4 34,243
(Pier) n* 286.5 251.5 72,055
Sub-Total 500,548
Total 643,220
(6= 16]
Espiritl {Poute 3) Unit : US$
Name of Work Type Unit Volume Unit Cost Cost Remarks
Excavation (Seil) n? 1,300 8.48 11,024
(Soft Rock) r’ 1,100 12.13 13,343 EV=2,400n°
{Hard Rock) o’ - - -
Pa“";gg'r‘riage tay) B2 1,490 12.90 19,217
Sub-Total 43,584
B”(gﬁzers tructure) n? 920 1,370 1,260,460 2=100n
(Abutment) m? 123.0 278.4 34,243
Pier) @ 351.2 251.5 88,327
Sub-Total 1,382,870
Total 1,426,554
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B- 17

(Poute Q@)

Pto Leon Unit : US$
Name of Work Type Unit | Volume Unit Cost Cost Remarks
Excavation (Soil) w? - - -
(Soft. Rack) R | 8647 12.13 104,888
{Hard Rock) o - - -
Stone Masonry m? 532 28.56 15,208
Pavenzzz:riage Way) n’ LSS | 15.58 19,265
Sub-Totatl 139,361
" Saperstructurs) < | @ 0 I
(butsent) n* 118.8 278.4 33,073
{Pier) n? i 414,863
Sub-Total 554,224
Total
5= 18]
Pto Leon (Poute @) Unit : US$
Name of Work Type Unit | Volume Unit Cost Cost Remarks
Excavation (Soil) . B* - - -
{Soft Rock) r? 23,060 12.13 279,718
{Hard Rock) n® - - -
Paveﬁ(lggiriage Way) u® 1,710 16.18 28,523
Sub-Total 308,241
B'i(gﬁeperstructufe) w? 3120 830.0 258,950 230
(Abutaent) a® 135.8 278.4 37,806
(Pier) o ) B -
Sub-Total 296,766
Total 505,007
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‘lB—- 19

Carrasco - (Poute @) Unit ¢ US$ -
Nase of Work Type Unit | Volume Unit Cost. Cost Remarks
Excavatiqn (8oil) a? 41,123 8.48 348,721
(Soft Rock) ? - 12.13 -
{Rard Rock) 2? - 15.03 -
Seed Spraying 2 | 5,368 1.31 8,368
o Caer Lage Hap) | 2,60 12.90 34,151
Sub-Total 391,242
e rsteucturd @ | 126.5 5846 73,878 2=5%
(Sbutaent) © | 2814 276.4 78,342
(Pier) o . . .
Sub-Total 152,218
543,460
5= %0)
Carrasco (Poute @) Unit : US$
Name of flork Type Unit | Volume Unit Cost Cost Remarks
Excavation {Sail) n? 5,473 8.48 45,411
{Soft Rock) n? - 12.13 -
{(Hard Rock) n® - 15.03 -
Seed Spraying o? 1,254 1.3 1,643
P age Hay) at | 1,980 12.90 25,542
Sub-Total 73,597
e rstructure) | 3540 564.0 206,73 2=30a
(Abutment) ot N2 2718.4 88,030
(Pier) ? - 1.5 .
Sub-Total 294,766
168,353
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Carrasco {Poute @) Unit : US$
Name of Work Type Unit | Volume Unit Cost Cost Remarks
Fxcavation (Soil) =? 4,289 8.48 36,371
(Soft Rock) 5 - 12.13 -
{Hard Rock) 2 - 15.03 -
Seed Spraying o 1,026 1.3 1,344
P e iage Hay) | 1,547 12.90 19,959
Sub-Total 57,674
e srstructare) w | 5850 584.0 341, 540 223
(Abutment) n? 281.4 278.4 78,342
Pier) m? 39.3 231.% 9,884
Sub-Total 429,866
Total 487,540
e
{Poute ) Unit : US$
Name of Work Type Unit | Volume bnit Cost Cost Remarks
Excavation {Soil) n?
{Soft Rock) w? T
(Hard Rock) u?
Pavement | 2
{Carriage Way) 4
Sub-Total
Bridge 2
{Superstructure} 8
(Abutaert) al
(Pier) ol
Sub-Total
Total
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Apéndice 4-4 Prevenciones(s) Optimas.

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

Applicable Countermeasures: _
- Concrete Crib with concrete spraying and Anchoring 1)
~ Grid Type Concrete Retaining wall + Concrete Crib 2)

Optimum Countermeasure:

As described below, Grid Tvpe'COnCrete'Retaining Wail {(+)

Concrete Crib is advantageous to the location in economical

view point.

‘Unit  Quantity  Unit Cost  Cost Renarks
Conctete Crib 2,225 51,08US 113,653 US
1) :
Excavation m 46,362 12.13 562,371
Total ’ 676,024
Retaining Walt ~m? 1,677 124.95 209,541
2) Concrete Crib . m? 400 51.08 20,432
Excavation m 36,150 12.13 438,499
Total 668,472
~
rd
/
/
V4
Vd
7
Sk
// ©
o / o
Existing Stope / i
/ 1
\\>/
p
Ve
/
7 |
/
/
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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 illustrated below, Concrete Crib is adaptable to the
location in topographical view point.
Existfing Slope /
/s
e
s

/ ] .
(3) Selection for B + 1.8 / No.8 + 100

Applicable Countermeasures:
- Concrete Crib with concrete spraying and Anchoring

- Grid Type Concrete Retaining Wall

Optimum Countermeasure:
As 1illustrated Dbelow, 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 + 900

Applicable Countermeasures:
- Concrete Crib with concrete spraying and Anchorlng

- @rid Type Concrete Retaining Wall

optimum Countermeasures:
As 1llustrated below, Concrete Crib is adaptable to the

location in Topographlcal view point.
'EXiSfing Slope //

T

i
-

{(5) Selection for C + 2.6 / No.12 + 780

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

Catch Fence installed at road side
- Grid Type Concrete Retaining Wall + 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.

¢
i
Existing Slopé
Catch Fence |
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(8) Selection for F + 4.2 / No.29 + 500

Applicable Countermeasures: . _
— Concrete Crib with concrelte 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 /

¢

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

Applicable Countermeasures:

- Conerete 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
comreta Orib  m? 1,680 sz.40us 109,752 us
Excavation W 7,840 1203 0,04
e
O
Excavation 3 1ess | iers | eees
rowr T 01,263
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Cc}ncrete Crib

Existing Siope P

Grid Type R/W

-

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

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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(9) Selection for I + 3.3 / No.38 + 30

Applicable Countermeasures:
- 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 Unit Cost Cost Remarks
Conorete Crib  m? 2,855 51.08 Us 130,500 US
Bxeavation 25,182 1213 s0s,457
rotar 135,088
Grid Type R/W w2 1,408  1z4.5 - 178,020
Sxcavation né 17,200 1213 200,727

Grid Type R/W
Existing Slope

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

Applicable Countermeasures
~ Concrete Crib with concrete spraylng 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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Exisnggﬂgﬂgﬂgu L

rd

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

Applicable Countermeasuras:

-~ Stone Masonry Retaining Wall

- Concrete Pitching and Anchoring

~ @Grid Type Concrete Retaining Wall

Optimum Countermeasure: B
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

Concrete Pitching -~

-~
—

Retaining Mi&l

= . o o e o e e 8 R TR T e M o Tt T o oy o e ot o b A o b Ak ok kb e e " L A T A P ey o .

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

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 )

P

7
e

(13) Selection for M + 1.6 / No.58 + 200

Applicable Countermeasures:

- Concrete Pitching and Anchoring

- @Grid Type Concrete Retaining Wall

- Supported Type Concrete Retaining Wall

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

adaptable to the location in topographical view point.

E xisting Slope y
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(14) Selection for M + 2.0 / No.66 + 500

Applicable Countermeasures:
- Concrete Crib with conecrete spraying and Anchoring

- Grid Type Concrete Retaining Wall

Optlmum COuntermeasure
As illustrated below, Concrete Crib is adaptable +to the

location in topographical view p01nt
Existing Slope

(LS) Selection for N + 3.0 / No.88 + 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 point, 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.

Existirg Slope

~
~ Concrete Pitching
\/

~

Retaining Wall
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{16) Selection for M + 4.7 / No.70 + 100

Applicable Countermeasures:

- Stone Masonry Retaining Wall

- Concrete Pitching and Anchoring

- @rid 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 Wall

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

location in topographical view point.

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

Applicable Countermeasures:

- Concrete Pitching and Anchoring

- Grid Type Concrete Retaining Wall

~ Supported Type Concrete Retaining wall

Optimum Count.ermeasﬁre: ) o |
As illustrated below, Concrete Pitching is adaptable to the

location in topographical -view point.
Existing Slope

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

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

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

Optimum Countermeasure:
As illustrated Dbelow, Congcrete Crib is adaptable to the

location in topographical view point.
Existing Slope

{21) Selection for P + 4.9 / No.T8 + 500

Applicable Countermeasures: ,

- Stone Masonry Retaining Wall

- Conerete 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

Grid Type .
Relaining Wall

Sione Masonr
Retaining Wal
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Stone Masonry R/W m2 355 54.38us 18.217us
Excavation m3 8,137 3.04 24.1736
Total _ 42.953°
Grid Type R/¥ m2 670 124.95us B3.718
Excavation Cm3 4,447 3.04 13,518
Total 97.234

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

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 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 \\\/ucffx\
. X{// ))
Retaining Wa i > ////
// g
*]r—'“ - v -
| . /
W ©
7y :
O /2"] // 4?/0/
o/ 7 e
] —— / . '/’/
/ -
s e pd
o ———— g ,//
/ : A
Unit Quantity Unit Cost Cost
Grid Type R/W m 2,180 124.95 US 272,381 US
Supported Type R/W m2 2,515 216.42 §44, 296
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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: o
“As described below, Grid Type Concrete Retaining Wall is
advantageous to the location in economical view point.

e mn e e ek i Ak LAk o e Ak it it e i it i 42 bk dm . e 1 T T $4% TR A3 M A R o} == = 3 R e e e T 7 Tt Tt et = e e o e T e e A W —

Unit Quantity Unit Cost Cost Remarks
Conorete Crib  mé 1,260  51.08US 64,30 vS
Excavation 3 4,620  12.13 6,000
o i0400
Grid Type R/ me 715 124.95 89,330
Excavation w8 1,000 12.13 23,08
oty e, 50

Existing Slope

Concrete Crib

Grid Type R/W

//— T :'\_;'-""‘"“’—_- I—_—
l
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{24) Selection for R + 1.8 / No.84 + 350

Appllcable Countermeasures
- Concrete Crib with concrete spraylng and Anchorlng

- Grid Type Concrete Retaining Wall

Optimum Countermeasure: IR _ :
As 1illustrated below, Concrete Crib is adaptable to the
location in topographical view point, _ ;

Existing Slope
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Apéndice 5-1 Disefio del Pavimento
Apéndice 5-1(1) Derivacidn de los Factores ESAL

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 Distributlon {front/rear) ESAL Factor
Vehlole Type oo o e e e e S S e
{tons) (Eips) (front/rear} (Total}

5 0.681% 1.5 0.0002

BB BT T o o o o e e e e e e e T T e 0.0004
5  0.6174 1.4 0.0002
8  4.7248 10.4 0.088

Bus e e 1.5908
5 9.0752 20.0 1.51
s 1.5818 3.5 0.002

Light Trugck = = com—ssmssm o e e e b e 0.004
5 2.0084 4.4 0.002
5 2.5084 5.5 0.01¢

Medium Truck — —  —-oomm oo e s 0.044
3 3.6916 8.1 0.034
§ 5.073 i1.2 0.189

Heavy Truck = — == —m oo e e e 0.553
T 11.827 26.3 0.364

Hote : § = Single Axle, T = Tandem Axle
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Apéndice 5-1(2) Estimacidén de los Numeros
Estructurales de Diseflio

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-48. The results of this estimations are summa-
rized below:

Section No.9{Santa Barbara) No.48 No.60{Caranavi)

-No.48 ~No.B60{Caranavi} -End Point{Bella Vista)
Deslgn CBR of 10.0 1.0 7.0

Roadbed Seoil

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 Course 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 rcadbed 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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i. Estimations by This Vesign Method

SN for Roadbed

Highway Pavement Structural Design
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Design Struclural Number, SN
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.45
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15.000 psi
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SN for Roadbed

Highway Pavement Structural Design ‘ No. 48 — No.60 (Caranavi )
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SN _for Rbodbed

Highway PavementS{r.ucrura!Design No.60 (Caranavi) - :En-d Point { Bellg Vista)
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SN for Shbbose Course
Highway Pavement Structural Design No.O {(Sta. Barbara) - No.60O (Caranavi)
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SN for Subbase Caurse -

Highway Pavement Structural Design . No 60 { CCIFC]U avi) - End Poin_t (Bella Vista }
r -
\\
N |
_ oz
" N, : : : -
% \ : | L é
. _ \\ B
4 b ' ]
o ~ g
HE AN
2 \\\\&E\\\ o b
E \\\‘F\\%\ -
arr- e
- N INRE
° N ~ala
o 8 = =

o \o
- 2 Lt} ——

{15d) Yp\*sninpon quaysay

o

{1e5 pooy ®Al23)}3 o
— (1]

- a z
Q @
e 8§50
o Ou,, ; - " g
[ V.

? ? w o * g? E
= [ -
g- . 3 u;o x (?)

",

(suoyrw) AN suoioanddy pooy sjxy eidulg
jusjbAInb] di-g) 19104 peownsy

(%)% ‘Lumgoelay

AP-42



SN for Base Course

Highway Pavement Siruciural Design No.O (Sta. BGbeII'O 1~ NOBO (CO!‘CInOVi )
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Design Structural Number, SN
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SN for Base Course |
Highway Pavement Structural Design No. 60 {Caranavi) - £End Point(Belle Vista)
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{I 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.
SOiIL SUPPORT VALUE ($)

1.0 2.0 3.0 4.9 5.0 6.0 7.0 8.0 2.0 10.0
t | 1 ]

I I T

4

| ! 1
T L1l 3 [ T b1 1107 H
5 10 . 200 30 40 % jLee] 200

CALIFORNIA BEARING RAK]O {(CBRY

Poadbed 16.0 5.1 No.0 -~ No.48
7.0 4.3 Ko.48 - End Point
Sub-base Course 30.0 5.8 The CBR value was determined by

the availability on site.

No, 60 = End Point
Ho. Q0 -~ No. 48
No. 48 -~ No. 60

1= 301 AeORY el

r—\
S Wig R - SN
No. 0 - No.48 5.1 861 . 066 0.9 2.9
No.48 — No.80 4.5 86 l. 066 0.9 3.0
No.60 — End Point 4.5 409. 645 0.9 2.7
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No. O
No.48
No. 60

Na. 0
No.48
No.60

SN for Subbaose

Course

o= 19

3 = a0l woreteT  edial
¥

]
- Ho.48
- No. 60
- End Point

alyehe pacted])

SN for Base Course

A =34, WAwoaT vl
Y T

—- No.48
- No. 60
End Point

¥Wis
861.066
g51. 066
409,645

Wis
g6 i.066
86 1. 066

409 - 645

AP-46

L
- ¢ Ho, 60 - End Foint

3 {Nmo -No.48
Mo, 43 ~ No, 60

.70

s

- o
R SN
Q.9 2.3
0.9 2.3
c.9 2.0

He.60 = Ead Peini

No.0 ~ No.48
No.43 - Not0O




Highway Pzvement Structural Design
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Apéndice 5-1(3) Determinacidén de los Espesores

de la Capa

No. 0 (Santa Barbara) - No.48

SNy / a3 = 1.7 / 0.44 = 3,86 ¢ D3* = 4

SNI* =

(5N

SNy*

"

8N * +

{SN3 -

agD1* = 0.44 X 4= 1,76 > 8Ny = 1.7
8Ny*) / agmp = (2.3 - 1.76 / 0.14 X 1.0 = 3.86 < Do* =8
agDp*my = 0.14 X 8 X 1.0 = 0.84 .

SNp* = 1.76 + 0.84 = 2.5 > SNy = 2.3

(SHy* + SNp*)) / agmg = (2.9-2.6) / 0.11 X 1.0 = 2.73 < pa* = ¢

No.48 - No.60 {Caranavi)

SNy / ay = 1.7 / 0.44 = 3.86 ¢ Py*= 4

smy* =

agDy* = 0.44 R 4 = 1.76 > 8Ny = 1.7

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

SNy* =

sNy* ¢

{SH3

agDg*my = 0.14 X 6 X 1.0 = 0.84
8Ns® = 1.76 + 0.84 = 2.6 > SNy = 2.3

(SNy* + SHy™)) / agmg = (3.0 - 2.6) / 0.11 X 1.0 = 3.64 < D* = &6

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

SNy /oy = 1.5/ 0.44 = 3.41 ¢ Dy* = 4

syt =
{SNy -
SNp* =
SNy* e

(SN -

Note:

a3Dy* = 0.44 X 4 = 1.76 > SNy = 1.5

SHy*3 / mgmg = (2.0 - 1.76) / 0,14 X 1.0 = 1.71 < Dy¥ = 6
aghy*my = 0.14 X 6 X 1.0 = 0.84

SNy* = 1.76 + 0.84 = 2,6 » SNy = 2.0

(SH{* + 8Na™))Y / agmg = (2.7-2.6) / 0.11 X 1.0 = 0.91 ¢ Dg* = &

In the AASHTO Guide (1986), a minimum thickness of &
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 subbase adopted & inches of
minimum thickness.
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. used for embankment material including compaction

1on

Fxcavation A = Fxcaval

Note

Excavation B = Excavation. waste soil transport
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A. Quantities of Earthwork

A1 .Quantity of Clearing and Grubbing

e e e ey e e A At s e i 4 Lm ) M T AL B R AL i e T A L e e e e e o e

Quantity(ha) 48.13 38.38 20.85 30.30 36.85 7.98 182.49

"Section 1 6.00(1)+4.92(2)+7.18(3)+5.60(4)+5.59(86)
(No.0+000 - No.25+300) +86.05(7)+5.60(8)+2.14(9)=48.13ha

Section 2 2.83(9) +5.12(10)+6.7(11)+4.63(12)

(No.25+300 — No.46+760) +5.30(13)+6.00(14)+2.50(16)=38.38ha
Section 3 1.80(168)+6.55(17)+5.20(18)+5.65(19)
(No.48+760 - No.B0+000) +1.65(20)=20.85ha

Section 4 4.65(21)+4.28(22)+5.05(23)+5.40(24)
(NO.B0+000 -~ No.79+550) +5.40(25)+3.80(26)+1.72(27)=30.30ha
Section 5 1.82(27)+4.25(28)+4.90(29)+3.80(30)
(No.79+550 ~ No.101+300)+6.38(31)+5.50(32)+6.20(33)+4.00(34)

=36.85ha
Section 6 0.78(34)+4.00(35)+3.20(36)=7.98ha

{No.101+300 - No.108+830)
Note: ( ) : Drawing No.

Refer: Drawing of plan (36 sheets)
Calculation by planimeter
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Quantity of Excavation Seil

Section 1 2 3 4 5 § Total

Ttem

Cutting 2,865,515 2,627,084 785,667 1,283,024 2,304,623 330,366 10,196,279
Enbanknent 120,480 143,280 271,504 204,155 642,126 130,381 1,511,954
Replacement 48,000 37,040 85,040
Excavation & 120,480 143,289 319,514 204,155 642,126 167,421 . 1,596,994
Excavation B 2,745,026 2,483,795 514,153 1,078,869 1,662,497 199,985 8,684,325

Quantity of Replacement {(Improvement of Subgrade)

No. 48 ~ No.54 6,000m(L} X 8m(W) X 1m(t)
No.104 - E.P. 4,630m({L) X 8m(W) X 1m(t)

48,000m3
37,040m3

L : Road Length W : Road Wide t : Thickness
Refer: Earth Volume Calculation sheets (70 sheets)
Quantity of Rolling of Sub-grade

Section 1 2 3 4 5 6 Total
Rolling of Sub-grade 253,756 208,162 132,327 196,742 220,139 74,275 1,085,401

A(m2) = W(m) X L(m) W : Road Wide L : Road Length

Section 1 A = 10.133 X 25,042.5 = 253,756m2
Section 2 A = 13.133 X 20,543 = 208,162m2
Section 3 A = 10.133 X 13,059 = 132,327m2
Section 4 A = 10.133 X 19,416 = 196,742m?2
Section 5 A = 10.133 X 21,725 = 220,139m2
Section 6 A = 10.133 X 7,330 = 74,275m2
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Quantity of Slope Protection

Unit:m?
Section 1 2 3 4 5 & Total
Item
Seed Spraying 20,537 15.104 41,430 55,703 75,375 25,107 233,246
Concrete Spraying 18,184 37,113 6,660 24,475 8,229 794 9'5,455
Cribworks 2,627 3,773 a0 2,500 1,790 11,544
Concrete Pltching 400 1,816 2,210

Seed Spraying All of Embankment Slope
¥ Refer Calculation Sheets (70 sheets)

Concrete Spraying

Section 1
No. 3+645 — No. 3+750 1,700m2
4+375 - : 1,305
7+050 - T+150 2,140
12+600 - 124700 2,520
14+160 -~  14+300 2,520
16+160 - 16+2585 792
21+180 2,987
23+ 50 - 23+150 4,220
Section 2
No.25+950 ~ No.26+ 50 4,755m2
26+780 - 26+850 930
28+845 - 29+120 13,588
29+575 - 29+905 10,377
31+850 - 31+950 6,550
45+230 - 913
Section 3
No.474+520 - 510m2
494230 - No.49+230 3,570
49+710 - 49+860 1,260
57+T50 - 1,320
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Section 4
No .63+ 50
63+850
66+000
69+110
65+625
70+250
T0+600

Section 5
No.80+690
998+ 10
99+200

Section 8
No.101+475

Crib Works
Section 1
No. 0+700
24+200
8+100
10+900
12+980

Section 2
No. 28+500
38+740
44+400

Section 3
No.55+500

Section 4
No.86+5H00
T5+570
78+B600

Section 5
NG.84+350

b

|

No.B83+375
63+950

659+340
69+700
70+350
T0+750

No.80+850
99+100
994+270

Concrete Pitching

Section 3

No.58+200

8,284m3
1,950
184
6,120
1,267
3,400

"3,270

4,084m2
2,570
1,575

794m2

240m?2
400
520
685
782

1,260m2
1,040
1,437

890m2

420m2
780
1,300

1,790m2

400m2
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Section 4
No.70+100 L 900m2
77+800 910

Quantity of Retaining Wall

1 2 3 4 5 8 Total
Item
Gravity(m} 50 b¢
Btone Masonry{m2) 2,947 1,230 14,373 2,623 2,869 712 24,754
Grid Type(m2) 6,206 5,222 2,343 3,573 26,304 1,612 45,260
Gravity (H=4m)
Section 1 No.1+ - No.1+530 50m
Stone Masonry Grid Type
Section 1 No. 14930 - No. 14960 30m2 Ssctlon 1 No. 0+700 3,354
24575 - 24640 240 14580 - No. 14649 578
6+700 520 164100 - 16+120 867
134890 - 14+ 50 1,050 174380 - 17+420 250
15+850 ~ 154870 50 19+7% 19+110 136
174250 - 17+320 150 19+130 - 19+150 88
20+ 75 -~ 20+120 125 204500 - 204540 250
21+540 - 214680 467 214850 - 21+990 388
23+740 - 234770 50 244300 - 244390 435
244460 - 24+540 175
Section 2 No. 33+ 70 - 334120 355 Section 2 No. 25+4350 - 254365 70
33+200 - 33+250 300 33+700 1,252
34+780 - 344850 175 35+510 - 354580 578
424710 - 42+735 50 37+240 - 37+260 829
46+350 - 46+450 300 39+ 30 2,493
46+704 - 464730 50
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Section 3 No. 46+790 - 46+800 50 Saction 3 No. 47+270 448

504220 -~ 504900 7,280 494700 1,895
§0+900 - 51+ 50 2,280
514850 - 524300 3,375 Section 4 No. 66+780 - No.66+840 490
524870 ~ 52+960 338 BE+H440 - 872
544170 - 544270 375 744750 - 7447980 Joa
544320 - 544350 150 754630 - 784 50 1,150
551510 - 554650 525 ° 784380 ~ 784460 640
Section 4 No. 61+270 - 61+340 263 Section 5 No. 794855 - No. 79+900 610
63+300 - 634445 315 80+240 - 80+300 244
66+ 50 ~  B6#155 283 80+350 2,012
664870 ~ 6E+T78D 350 824400 715
764680 - 76+730 83 834650 - 83+690 290
76+820 - 76+880 100 a5+770 - 85+870 625
774470 - 77+520 188 89+345 - 89+470 630
78+100 411 834620 - 89+800 818
794470 - T9+51 630 8949080 - 90+ 50 840
794510 - 79+520 30 904660 - 90+680 105
91+260 - 91+260 93
Section 5 No. 794580 - No. T9+800 50 914320 - 91+430 180
83+145 - 831230 300 914960 - 92+ 70 1,460
834300 - 834455 485 924340 - 924550 3,236
834525 - 834630 202 92+710 - 924760 173
844930 - 854000 158 944300 - 944375 700
86+530 - 854670 525 944470 ~ 944520 740
86+720 - 864870 225 944550 - 94+530 135
874790 - 874850 184 974420 - 97+480 790
89+ 60 - 894100 120 974670 ~ 97+680 288
89+200 - 89+235 120 97+730 - $7+790 208
894540 - 894600 145 98+ 25 - 98+210 8,170
924180 - 924285 375 98+960 - 99+ 00 433
99+130 - 99+190 525
Section 6 No.102+475 ~ No.102¢520 85 99+700 ~ 994745 641
103+ 20 - 103+150 358 1004320 - 100+400 444
1044400 - 104+440 79
1054325 - 1054330 180 Section & Mo.101+#400 - No.101+455 438
1014840 - 101+855 240
102+670 - 102+720 244
103+150 - 103+210 282
103+385 ~ 103+450 408
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Quantity of Culvert

ot A Lt 4 o .  p m b A v s n rm kL S e e s i A s e e Ll maa v mn = e ok e 2 = T T v e e e o 4k e e Y o e

Item

Box - 3.0 X 3.0 50 50 75 40 160 375
Box - 4.0 X 4.0 a5 10 45
Pipe 600 3,339 2,739  1,741. 2,589 2,897 977 14,283

Box Culvert

3.0m(B) X 3.0m(H) 4.0m(B) X 4.0m{H)
Septionl No. 20+540 L=50m No. 144160 L=35m
Section2 No. 28+145 L=15m No. 30+180 L=10m

43+700 L=38m

Section3 No. 49+210 L=35m
494685 L=40m

Sectiond No. 644630 L=40m

Sections No. 956+490 L=70m
Q74+225 I.=40m
98+420 L=50m

Pipe Culvert
Average Interval 150m Average Length 20m

Sectionl 26,9630 X 1/250M X 20M = 1, gg7M
Section2 20,543mM X 1/260M 20Mm = 1 ,643M
Section3 13,056M X 1/250M X 20M = 1,045M
Section4 19,418M X 1/250M X 20m = 1,553M
Section5 21,726M X 1/250M X 20M = 1,738M
Section6  7,300M X 1/250M X 200 = 584

5
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Quantity of Disaster

Section 1 2 3 4 5 6 Total
Item

Catch Netting(m2) 800" 2,000 1,040 3,840
Gabion {m) 42 102 144

Catch Fence (m) 51 42 54 147

Gabion Dam (m3) 3,764 5,211 2,179 11,154
Shed {m) 62 62
French Drain (m) 1,010 1,010
Catch Netting Section 2 No. 35+560 800m2

Section 4 No. 76+320 2,000m2

Gabion Section 2 No., 33+700 42m
Section 4 No. 76+320 102m
Catch Fence Section 1 No. 12+780 51m
Section 2 No. 76+320 4 2m
Section 5 No. 92+800 54m
Gabion Dam Section 3 No. 494210 3,764m3

Section 4 No. 68+820 1,274m3
No. 73+890C 1,098m3
Section 6 No.103+180C 2,179m3

Shed Section 2 No. 404300 62m
French Drain Section 8 No.104+ 20 290m
No.104+670 270m
No.105+840 120m
No.107+500 330m
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Quantity of Drainage

Section

i 25 Km - Type 1+Type 2
Section 2 20.56Km Type 1+Type 2
Section 3 13.1Km Type 1+Type 2
Section 4 19, 5Km Type 1+Type 2
Section 5 21.7Km . Type 1+Type 2
Section 6 7.3Km Type 14Type 2

Type 1 : Road side drain and Top of Slope
Type 2 : Drain ditch on berm

Quantity of Pavement

Sub-base Course 249,048 204,300 129,872 193,092 216,055 72,897 1,065,264
Base Course 239,857 196,596 124,975 - 185,811 207,908 70,148 1,025,095
Binder Course 232,817 191,071 121,463 180,589 202,085 68,176 996,281
Surface Course 229,010 187,887 119,426 177,550 198,675 67,033 979,571
Asphalt Macadam 228,082 187,106 118,941 176,841 197,871 66,762 975,603

Typical cross-section

9.0m

t=5¢m Surface Course
t=5cm Binder Course
t=1%cm Base Course
t=15¢cm Sub-base Course

A= W1.L + W2.L.
A : Area W1 : Standard side W2 : Greatest widening(i.4m)
L Road Length : Widening Portion for Road Length(5%)
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Surface Course A=(9+0.075)L+(1.4X0.05)L=9.075L+0.Q7L=9.145L
Binder Course A=(8+0.231)L+0.07L=9,231L+0.07L=9.301L
“Base Course A=(9+0.500)L+0.07L=9.500L+0.07L=0.5"7L
Sub~base Course A=(9+0.875)L+0,07L=9.875L+0.07=9.945L

Sub-base Course Section 1 9.945 X 25,042.5 = 249,048m2
Section 2 9.845 X 20,543 = 204,300m2
Section 3 ‘9.945 X 13,059 = 129,872m2
Section 4 9.945 X 19,416 = 183,092m2
Section 5 9.945 X 21,725 = 216,055m2
Section 6 9.945 X 7,330 = 72,897m2
Base Course Section 1 9.57 X 25,042.5 = 239,657m2
Section 2 ©.57 X 20,543 = 196.596m2
Section 3 9.57 X 13,059 = 124,975m2
Section 4 9.57 X 19,416 = 185,811m2
Section 5 9.57 X 21,725 = 207,908m2
Section 6 9.57 X 7,330 = 70,148m2
Binder Course Section 1 9.301 X 25,042 = 232,917m2
Section 2 9.301 X 20,543 = 191,07im?
Section 3 9.301 X 13,059 = 121,463m2
Section 4 9.301 X 19,416 = 180,589m2
Section 5 9.301 X 21,725 = 202,065m2
Section 6 9.301 X 7,330 = 68,176m?
Surface Course Section 1 9.145 X 25,042 = 229,010m2
Section 2 9.145 X 20,543 = 187,867m2
Section 3 9.145 X 13,059 = 119,426m2
Section 4 9.145 X 19,416 = 177,550m2
Section 5 9.145 X 21,725 = 198,675m2
Section 6 9.145 X 7,330 = 67,033m2
Asphalt Macadam Section I 9.108 X 25,042 = 228,082m2
Section 2 ©.108 X 20,543 = 187,106m2
Section 3 9.108 X 13,059 = 118,941m2
Section 4 9.108 X 19,416 = 176,841m2
Section 5 9.108 X 21,725 = 197,871m2
Section 6 9.108 X 7,330 = 66,762m2
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Quantity of Tunnel

Two Nos Tunnels - were designed between No.35+610
No.36+430 in this project. (See Drawing (12) and (13))

Tunnel(1) Lining 30m + 30m = 60m
' Unsupported ~ 300m
Total : . 360m

Portal 2 pieces
Tunnel(2) Lining 30m + 30m = 60m
Unsupported 325m
Total 385m

Portal 2 pieces
Total Lining ‘120m
Unsupported g825m

Portal 4 pieces

Quantity of Others
Traffic Sign and Guard Rail

Traffic Sign Type R-19 11 pieces

Type P 22 pieces
Identif. 11 pieces
Destino. 11 pieces
B.M. 21 pieces

Guard Rail All of River or Valley Side

Section 1 25.0Km
Section 2 20.5Km
Section 3 13.1Km
Section 4 19.06Km
Section 6§ 21.7Km
Section 6 7.3Km

Marking(W=10cm) Two straight lines for both road side
line for Road Center
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Section 1 25.0Km
Section 2 20.5Km
Section 3 13.1Km
Section 4 19.5Knm
Section & 21.7Km
Section 6 7.3Km
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2. Quantity of Substructure
{ Abutment )

Pxcavation Concrete Forn Reinforcement Leveling Staging
Bar concrete

() {m*) (m2) (ton) (n?) {Spc.m?)

Point A 241.4 122.10 235.86 6.72 6.80 181.06
Patuni 851.0 147.71 236.76 8.12 12.83 195.28
Challa 279.7 159.14 262.07 8.75 8.07 265.52
Cascada 506.7 102.38 - 202.38 5.63 8.06 161.40
Alto Choro 534.7 i67.71 283.90 §.2¢ _ .70 217.28
Pto Leon 712.4 228.73 370.54 12.58 9.68 497.56
Cajous 1616 154.88 266.80 8.52 7.36 295.217
Chojna 142.6 142.88 229.65 1.88 8.40 108.86
San Silverio 748.3 284.48 414,46 15.65 11.60 361.84
San Lorenzo 912.1 204.58 340.60 11.25 9.35 281.52
Espiritu 878.2 158,52 259.88 8.77 9.35 196.78
Carrasco 1962.7 310.14 545.21 20.136 15.67 940,13
Avaroa 219.2 62.8% _ 155.138 3.4% . §.2% 161.40

{ Pire )
Excavation Concrete Form Reinforcement Leveling Staging
Bar concrete

(=) (m*) (n?) {ton) (m*) (Spc.m?)

Point A 334.0 1117.10 742.60 78.20 28.62 1287.0
Patuni 205.2 82.98 139.58 6.30 3.00 147.12
Alto Choro 113.9 83.18 129.03 5.82 3.20 136.00
Pto Leon 318.0 i62.21 192.04 11.35 .00 401.28
San Sitverio 208.7 115.83 183.02 8.11 4.00 206.00
San Lorenze 370.4 ' 205.50 295.57 14,39 4.80 336.60
Espiritu 307.4 243.24 2L 17.03 5.60 181.10
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RQuantity

1.Superstructure

1.1 [-Girder
Lb
30 L6 30
350 f Ls 50
P e e e e e ] | o
i =3 3l =)
i T } [
I B i B I
| ; = a
o [ i _Jlzs0 40405._
32@__{ 12 l i i t : t2 '_J_zggo
(Unit : #)
Name of | Total Bridge | Girder Span Gross Bean K
Bridges | Length (L) | Length (Lo) (Ls) Ty T2 hs,
Patuni 40,000 19.94%2 19.65%2 6.400 6,450 0.770 0.49
Challa 20.000 19.94 18.3 5.400 6.450 0.770 3.40
Cascada 18.500 18.44 17.8 6.140 6.1590 0.770 g.40
Pto.Leon 75,000 24.94%3 24.65X3 6.000 §.150 0.975 0.40
Cajones 25.000 24.94 24.3 §.900 6.150. 0.975 ﬁ.*!ﬂ
Chogha 22,000 21.84 21.3 7.100 7.100 0.870 0.40
Carrasco 39.000 29.94 29.3 7.350 7.300 1,115 0.50
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. —
250 500 bi _ 500, 250
b2, b3, 3500 3500 b2
ISC% | Bet
;
Si So S0 So S2
Rame of Width Spaceing of Girder Slab Girder
Bridges B by b2 ba So Sz d h be
) 0.800 ~ | 1.700 ~
Patuni | 11.90 | 10,40 | 0.60 | 2,00 | 2.40 {77 7| e T 0418 | L1005
0,64~ | 1.660 ~
Challa | 11.90 | 10,40 | .60 | 2.00 | 2.40 {70 | 0| 0418} 110 | 05l
Cascada | 10.50 9.00 | 1.00 | - 2.60 | 1.3% 135 [ 019 | 110 | 0.1
Pto.Leon | 8.80 7.3 | 6.15 | - 2.20 | 1.10 .10 | 0.18 } 1.50 | 0.51
Cajones | 10.50 g.00 | 1.eo | - | 2.60 | 1.35 1.35 | 0.19 [ 1.50 | 0.51
Chojfia | 10.50 g.00 | 1.00 | — | 2.60 | 1.35 1.35 | 019 } .20 | 0.51
Carrasco| 13.00 | 12.00 | 2z.50 { - 2.60 | 1.30 1.30 | 0.19 | 1.70 { 0.56
Cross Section Area (init : m*)
Patuni Chaltla Cascada Pto.leon Cajones Chojha Carrasco

R S X TR A X p.s6t | 0.772 | 0.772 0.612 | 0.962
Ce“tig ;f Girder | 4 417 6.317 0.317 0.412 0.412 0.337 0.472
End %E:ff Beam 2.070 2.079 2.229 2.528 3.128 2.508 3.458
End %;Zi? Bean 0.602 0.602 0.602 0.821 0.821 0.657 0.862
'"“G;BC{°SS Beam |y 565 1.565 1.882 2,300 2.770 2.064 3.218
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(1) Concrete Volume

1) Girder (Type P)
Vo =AsX (Lo~ 2:h— 2:K}+2 XA.Xh+}g (As¥As) XK X2

?2) Cross Beam (Type A) ,
Vo =3 XBseX0.29+7 XBe, X0.400 + 2 XBe, X0.400

{4)
3) Slab (Type 4)
Ve = B Xd Xlg
4) Pavement (Type A)
Vp = 0.02xbxx[.a
Concrete Volume (Unit : m®)
Patuni Challa | Cascada | Pto.leon | Cajones | Chojna Carrasco | Sub Total
' v (7.080) (7.080) (6.728) {11.500) (11.500) {1.507} (16.977) (67.472)
¢ 70. 804 35.400 26,912 138. 000 46.000 30.028 80.385 472.525
Ye 11.162 11.162 9.761 13.523 16. 300 10.785 25.585 98.278
Vs 40.334 40,339 (32,915 48,755 44,755 . 35.593 73.952 322.648
Vp 4.148 4.148 3.31% 4.48% 4.489 3.582 6.886 3i.061
Total 111.288 55.91% 45.995 203.301 70.-544 49, 960 106.423 §48.440

{2} Voluwe of Form Area

1) Girder {Per 1 Girder)

Ao =a; X (Lo —2h— W) +ax{h—0.40) +1(a, +aa) XK +2 Xhe

2) Cross Beam
Aoy ={n-1) X2 XBeXmt{n-1) X (So-be) X0.25%m.

AC2: (n-1) X2 XBey X2+#(n-1) X (So-be) X0.40%2

.RC:F?XBM X2 KPS 8-/ D0+ 2 RS2 b/ 203

AC a

Ac, +Aca +Acs
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1)

Slab

Agy= (-1} X (So-be/2) X (1g=2 % 0.48-0.25m)

As=S, X (Le-0.40% ) +82% (Ls~0.40% 2)
Asa== (d+0, 02) X (La+B) X 2

As=As; +Aasy +4s3

{Per 1 Span)

Unit |  Patuni Challa Cascada Pto. Leon Cajones Chojna Carrasco
a, m*/m 3.092 3.092 3.092 3.918 3.918 3.291. 4.451
az mt/m 2.710 2.710 2.710 3.510 3.510 2.910 4,018
Ac m* 61.719 61.719 - 57.082 §7.535 97.535 §5.742 133.303
Ac m 193.458 193. 458 156. 470 195,039 208. 983 169.080 295.571
Asg m 78,851 78.651 66.127 99.71% 108. 565 72,093 159,277
Total m 272.109 272,109 222.597 294.754 317.548 241,173 454. 848
Reinforcement Bar
1) Girder {110 kg/n)
W =VeX 110 / Girder
2) Cross Beam {145 kg/nf)
Wc: :chl‘is :
3) Stab (205 kg/ m®)
We =VsX 205
(Per 1 Span}
Unit Patuni Challa Cascada Pto.leon GCajones Chojna Carrasco
Wa t 0.779 6.779 §.748 1. 265 1,265 0.826 1.768
%o t 1.684 1.584 1.415 1.961 2.363 1.564 3.710
Ws t 8.269 8.269 6.748 10.200 10.200 7.287 15. 160
Total 4 9,953 9.953 8.183 12.151 12.983 8.881 18.870
4} PC-Cable (65kg/m®)
WP = VGXSS
5) Handrail
L=1La X 2
6) Fxpantion
L =8Bx2
7) Drainage (1Pce/10m)

n=18/10 + 1
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1.2 Box-Girder

000¢

ooCe

Co0¢e

QOSE

&G

18,8 S/

0L Oﬂm o0Svz ﬁo‘h

0.9.0F

- >
nOa (] \l.lﬁill
i
— L
5 b |
X o |
oS € _ Q0G¢ 002 ¢e O
OSz| O0% 00E 6 0051062
Q00 1|
8 —8 V—V
- 1 _nxu.m ! [
asg ¥ Quw 2y S _ 000€ sy ¥ * 000¢€ Bm
_ 51 g o
1 [ i I_ b
[ ; Tyl T T T T T T Y H J;_
M J L o o e e e et e e e e s e [ R |
! Z ~ |
3 8 Vi
Tl6ee 7 7 osel
05 1 oS

AP-68



Name of Bridge Center of Girder (m?) Areas {m? )
Bridge Length : A A A
L ! 2, R (A-&) @-B) (c-0)
Alto Choro 50.000 48.038 23.669 8.400 8.2869 6.226 5.209 7.157
San Siiveriot 50.000 48.038 23.669 8.400 8.269 6.226 5.208 7.1517
San Lorenzo 52.000 50.778 . 25.039 9.100 8.4939 6.226 5.209 7.157
Espiritu 52.000 50.778 25.039 9. 100 8.939 6.226 5.209 7157
Avaroa 25.00 24.019 23.319 " 8.160 8.160 6.226 5.209 —
1. Concrete Volumes
1) Girder (Va)
Vy=A,%90.85
Vo=1/2 (A, +42) X3.00
Vi=A, X (491 ‘{"Q'z}
V4=1/2 X(Az ‘f"ﬂs) X3.0U
V5=A3x0.50
VA=V1+V2+V3+V4+U5
2) Cross Beam(Va)
Vi= {1.13%2.45% 2—{a+b)} =0.8%
Vo= {1.13X%2.90% 2—(a4+b)} x0.30
Va= {6.94X2.45%X 2—{a+b)} x0.50
a=1/2 X0.14X0.42% 4=0.118 (%)
b=1/2 X0.19%0.15%X 4=0.045 (m?)
VE:V1+V2+V3
2V =V, +V,
Name of Per 1 Span Per Bridge
Bridge Va Ve Va Vs v
Alto Choro 131.402 a.707 262.804 17.414 280,218
San Silverio 131,402 8.707 262.804 17.414 280,218
San Lorenzo 138.538 8,707 271.076 17.414 294,490
Espiritu 138.538 8.707 277.076 17.414 £94.490
Avaroa 138.538 8.707 138.538 8.707 147,245
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2. Form Areas
~ Upper StabfAa)

a, = (0.20+.70,15% +2 BUR)XL/Z XZ

a2

aa = (2.90~ 2X0.42) X {2, +22 —0.3)%2

aq =40,142 40,427 X (2X3.0 +2, +8, ~0.3) %4

Web (As)

ay =1.15XL/2 X2
a2 =0.84X% (3.00 + 2, +2. ~0. 3)X4
g =1/2 % {0.84 +0.65) x3.00x4

i)

L0157 +0.15% X X300+ 2. +22

EE]

Lower Slab(Ac)
Cross Beam({A4)

(1.13X2.45—1/2 X0,14X0.42X 2~1/2

a =
ag = (L13X2.98-1/2 X0.14X0.42%X 2-1/2
az = (0.94%2.45~1/2 X0.14%0.42% 2~1/2

End of Girder (A)

ar =1/2(0.2040.35) X2.0 X2
az =1.50%7,00

172X {(2.45 ~ 2X0.42) +(2.90 — 2x40. 42)_>< 3.00 x4

Aa =a,+taatagtaq

-0.3) %4

Av =ay+astaztas

A; =7.00xL/2

0,152 xX2) X2
X0.15% X2) %4
x0.15%2 X2 %2

Aq =a;taztas

Ae =a,t+az

TA =AstHAp+AcHAatA.

For Bridge

Hame of For 1 Span

Bridge| A Ay Ao A A LA ZA
Alto Chero | 235.063% 148.245) 188.1331 22.6007 11.608| 585.441 585841 w 2 = 1171.282
San Silverio | 235.063 | 148,245( 168.133{ 22.800F 11.500; 585,541 5R5.641 x.2 = 1171.282
San Lorenzo | 249,141 | 157.161 | 177.723) 22.600( 11.600| 618.225 §18.225 x 2 = 1235.450
Espiritu 249,141 | 157,161 | 177.723| 22.600) 11.600} 61&.225 618.225 X 2 = 1235.450
Avaroa 215,063 | 148.245] 168.133| 22.600| 11.600| 585.641 585.641 x 1 = 585.641

3} Reinforcement Bar (170ke/m®)
W=V X 0.170 (ton)

4) PC-Cable (35ke/m®)
W= 3V X 35 (k)

5) Handrail
L=L %2

6) EXpantion
L=11,86%2=22.0m

T} Drainage (1Pce/1l0m)
n=L/10+ 1
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1.3 Point A Bridge

\ : 132500
400 25 600 B0 €00 26 100 400
- £ 3 g
N S B VA,
—an \...\\ }
\\\ L“_‘l_,
RN
' Y
L N
~X
; 7
o
Qf
N
S
[¥p]
(oY)
e e
Cross B H h d e f 1
Section
1 -1 11.000 L5060 2.09 0.683 D67 0.300
25.60
2 - 2 11.000 .500 4.0% 1.350 400 0.500
20.00
3 - 3 8.800 .038 2.588 0.863 .787
20.00
4 - 4 8.800 .500 1.05% 0.350 L300 0.350°
27.10
5 - B 8.800 .585 3.135 1.045 L6505
12.94
8 — 86 106.21% .500 4.05 1.350 400 0,500
7.10
7T - 7 11.000 .934 3.483 1.161 .589
16.00
8 - 8 11.000 .500 2.05 0.683 L0867 0.300
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(1)Concrete
1) Upper Slab
Vi = 11.00%25.60 Xlﬂ._20+%(11.00+8.80) X20x0,20+8.80x20,0X0.20

+8,80%27.10 X0.20+ 34 (8.80 +10.219) X 12,90 X0.2 +{10.219 + 11.00) X7.10%0.20
' 257. 664
49,388

+11,00 X 18.00 X 0.20

Vo =16 0.250 X0.750 X 131.70% 4

Vs =14 (2.067+1.400) X 25.60 X 0,25+ 34 (1.400+0.787) X 20,00 X 0.25
+ 16 (0.787+ 1.300) X 20. 0% 0. 25+ 1§ (1. 300+ 0. 505) X 27.10 X 0.25
+14(0.605+1.400) X 12.90 X 0.25+ %4 (1.400+1.588) X 7.10X 0.25
+ %6 (1.589+2.067) X 19.00 X 0.25 = 44,551 X2

.' VU
2) Lawer Slab _
Vi = 5.50 %80.0% (0.35 +0.50) X%
Ve = 5,50 X25,.6% (0,30 +90.50) X4
Vo = 5.50 X26.1X {0.30 +0.50) X%
Ve = 0.302X 16X 131.7 X4
Ve
3) Web
Ve = (0.95+3.80) X0.40X40X14X2 +5(3.80 +2.0) X25.60 X 0.40

+3£(3.80 +2.0)x26.10 X 0.40 _
Vo =35 (0,95 +3.80) x14(0.422+0.738) x40xigx2 %2
+16{3.80 +2.0yx0.738 x25.60 X2 +4(3.80 +2.0)x25.10 xX0.738 X2

Ve
4) Gross Beam
Ve =34 (1.812+42.495) X 2.0 X 1.5 X4
Ve =14 (1.812+3.152)x3.8 x3.0 x4
Ve
5} Pavement
Ve = £57.664x1/10 Vp =
Total V
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(2) Form
1) Upper Siab
A: =8 (2,60 +1.60) Xx40.0x4 = 336,10

Az =34 (2.60 +1.933) X (25.6 +26.1) X2 = 234.356
As =16 (2.067+1.400) X 25.50 +14 (1.40 +0.787) X 20.0-+134(0.787+1.30) X 20.0
+36(1.30 +0.605) X 27.10 + 36 {0.605+1.40) x12.90 +34(1.40 +1.589) X 7.10

+ 1 {1.580+2.067)x19.0 = 171.206 X2
Aqg =LT252 F0.75% X 131.70%4 = 416,472

2) Web _
Ay =4 (3.25 +0.40) x40X2 X7 = 292.0

= 342.411

As = 1328.23%m?

A =1(3.25 +1.45) X {26.1 +25.68) X2 = 242.99
Ar =M ( STIRETLO5% + ./ T057 F0.35%) %X 40X 2 %2 = 430.070

Ay =¥ { JT.35% +4.05¢ +./Z2.05% +10.683%)
As =3 { STISTFT252 + /0407 0,352
Ao =34 { JTIET FI.25% +./T.45% +0.357 )
A =S FIOTFOI0E X 131.70X 4 = 223.502

3) Lower Slab
Av = 5.50 X131.70
Az =16 % (5.50 +6.866)X2.05%X2

(3) Reinforcement Bar (170kg/n3)
W= 1207.4 X0.1706 = 205.26 t
{4) PC-Cable (40kg/m®)

W= 1207.4 X40 = 48296 kg
(5} Handrail

L= 132.5%x2 = 265 m
(8) Expantion

L=11.0 x2 =22
{7} Drainage (lpce/10m)

n = 14pceXx 2 = 28 pce
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X (26.1 +25.6) X2 = 332.434
X40xX 2 X2 = 324.059
X {26.1 +25.6) x2 = 259.062

Aw = 2114.117n*

= 724.35 m?

= 25.3%0m?
Ay = 748,70 n?

Total & = 4193.056m?



2. Substructure

2-1 Abutment

(1) Type 1
.~_..b‘
..":—_ ________ ___ ]
!I
bs _|balbs 2 : it
i |
B L
unit @ m
hy-Abut.
H hy he hg ha B b, b2 ba ba L
Point A 5.00( '2.86 1.14 — 1.00 3.00 0.5 1.00 1.50 0.561 11.00
Patuni 6.00 1.20 3.80 -_— 1.60§ -4.00 1.9¢ 1.00 2.00 0.361 12.29
Challa 6.00} 1.530] - 3.50 —_ 1.00 4.00 1.00 1.00 2.00 0.30} 12.29
Casdaca 5.00f 1.35| 2.45| o0.20f 1.00| 3.00| o.50 1.06] t.50] o0.30] 1t.56
Alto Choro 6,00 1.61 3.19 0.20 1.00 3.50 0.80 | 1.00 1.70 0.30] 11.90
Pto.Leon 8.50 1.72 5.58 0.20 1.00 5.00 1.20 1.20 2.60 0.40| 8.80
Cajones 5.40 175 2.45 0.20 1.00 3.50 0.80 1.00 1.70 0.40 ] 10.50
San Silverio 8.50 1.81 5.69 0.20 1.90 5.60 1.26 1.2e 2.60 §.40 | 11.00
San Lorenzo 8.00 1.61 5.19 0.20 1.90 5.60 1.20 1.00 2.80 0.30| 11.006
Espiritu §.70 i.61 4.09 — 1.G0 3.50 0.30 1.00 1.50 6.30) 11.00
Carrasco 8.00 1.95 4,85 g.20 1.00 4.50 1.00 1.00 2.50 §.401 13.98
Az-Abut.
H hy he ha fy B by bz ba bs L
Point A 5.00 2.86 1.14 — 1.09 3.00 0.50 1.00 1.50 6.5 11.00
Patuni 5.00 1.20 2.80 — 1.00 3.0 0.50 1.60 1.50 0.30| 1z.92
Challa 5.50 1.50 3.00 — 1.00 3.3¢ 0.86 1.00 1.50 0.30-] 12.92
Alto Choro 6.00 1.61 3.19 0.20 1.00 3.50 0.80 1.80 1.70 8.30] 11.00
Pto.Leon it.00 1.72 7.08 0.20 1.00 5.00 1.50 1.20 3.30 0.40 §.80
Cajones §.30 1.75 3.35 0.20 1.00 3.50 0.80 1.08 1.70 0.40 | 10.56
San Silverio 8.50 1.81 5.69 0.20 1.00 5.00 1.26 1.28 2.60 0.40] 11.00
San Lorenzo 6.56 1.61 3.95 e 1.00 3.50 0.80 1.00 1.50 g.38) 11.00
Espiritu 8,80 1.61 5.19 0.20 t.00 5.000 . 1.20 1.00 2.80 0.305 11.00
Carrasco 10.90 1.95 6.85 0.20 1.00 5.00 1.20 1.20 2.50 0.40 13.98
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1) Concrete (210Kg/cm®)
V={B Xhyt1/2 XbaXha+1/2 XbyXhatbeX (ha +hs) +byxh) XL (03

2} Form
A;,=(2X%hy+2he +2hy) XL
Ax=(1/2(bs +B) Xha+B XhetbeXhatbaXh,} X2
EA=A, +A2  (?)

3) Reinforcement Bar (55Ke/n%)
W=¥X 0.055 {ton)

4} Leveling Concrete (t=10cm)
Ve=B X1 X0.10 (m%

5) Staging Spc. m¥)

) Quantity (Abutment;Typel) : unit : n
Ar-Abut.
Concrete Form Reinforcement Levelin Staging
m) (n?) Bar (ton) Concrete %ﬁ") {spc.m?)
Point A . 61.050 - 118.432 3.358 3.30 90.53
Patuni 79.23 120.45 4,358 §.08 167.17
Challa - 86.426 139.02 4,753 4.11 136.11
Casdaca 70.83 124.73 3.901 4,05 90.53
Alto Choro 83.853 141.95 4.612 3.85 108.64
Pto.Leon 102.925 169.472 5.661 4,40 222.82
Cajones 82.163 143.7% 4,519 3.68 165.86
San Silverio 142.7241 207.23 7.823 5.50 180.92
San Lorenzo 135.641 195.03 7.460 5.50 166.72
Espiritu 71.403 152.8% 3.927 2.8% 126.30
Carrasco 172.34 242.69 9.479 7.28 211.83
Az-Abut.
Point A §1.050 . 118,432 3.358 1.30 90.53
Patuni 68.48 116.31 3.766 6.75 8s.11
Challa 72.7113 123,05 3.999 3.96 129.41
Alto Choro 83.853 141.95 4.512 3.8 108.64
Pto.Leon 125.805 201,072 §.919 5.28 274,74
Cajones 7 72.713 123.05 3.999 3.68 128.41
San Silverio 142.241 207.23 7.823 5.50 180.92
San Lorenzo 68.935 145.57 3.791 3.85 114.80
Espiritu 88.121 i07.18 4.847 5.50 64,48
Carrasco 199.88 302.52 10.989 8.39 328.30
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(2) Type 2

—
st ! b )
i
L
unit : m
Ag-Abut._ _
H Ll ha ha B b4 " ba ba bs bs L
Chojna 3.80 1.45 1,35 1.00 2.50 0.30 .90 .50 0.50 §6.30; 12.12
Avaroa 1.50 1.70 1.30 $.50 2.50 0.30 1.00 0.70 ¢.50 0.401 13.65
Az-4but. .
Cascada 3.00 1.35% 1.15] 0.50 2.00 0.30 0,901 90.50 6,30 -0.30] 11.59
Chojna 4.00 1.4% 1.55 1.00 2.50 0.30 0.%0 0.80 . 0.50 0.30 12.12
Avaroa 3.50 1.70 1.30 8.50 2.50 7.30 1.00 9.79 8.50 0.401 12.29
1) Conctete (210Kg/cm?)

2)

3

4)

5

V=(B Xha+beXhetbsXhyi-+1/2 XbaXhz) XL (0%

Form

A=(2ehy Fhetha+ 4 ba? +he?) XL

A= (BXhg+beXha+bsgXhy#1/2 XbaXhy) X2
LA=A,+4: [?)

Reinforcement Bar (55Kg/m?)
f=Vx0.055 {(ton}

Leveling Concrete
Ve=B XL %x0.10 (=)
Staging (Spc. n7)
{See Type 1)
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§) Quantity (Abutment:Type2)

Al"AbUt-
Concrete Form Reinforcement Leveling Staging
{m%) {m?) Bar (ton) Concrete (m3) (Spc.m?)
Chojﬁa 73.108 111.14 4.021 4,20 98.49
Avaroa 31.43 17.65 1.729 3.13 90.53
Az‘AblﬂL
Cascada .43 17.65 1,729 4.01 70.87
Chojna 68,773 118.51 3.838 4.20 89.77
Avaroa 31.43 77.65 1.729 .13 70,87
2-2 Pier
(1) Type 1

! : oy ey

i L b

I . i |

it | | ':5 :

I | 3k zbom i !

Daf ! by i {ba - ERALINY -

| 1 } g X ; i

! i ! e i

i ; | o ; |

I (1N N A N

[ | = |

Lﬂ B L !
Pi-Pier
B bl bz L 11 12 H hl ha
Point A 9.50 5.50 2.001 10.7¢ Z.00 4.35¢ 21.00| 15.80 6.00
Alto Choro 8.00 5.80 0.50 4.00 1.00 1.50 8.00 6.80 1.20
San Silverio 8.480 5.80 0.50 5.00 1.00 z.00| 15.00] 10.30 1.20
San Lorenzo 8.00 1.00 0.50 5,00 1.20 2.40 | 18.00| 16.50 1.50
Espiritu 3.00 7.00 0.50 7.00 1.30 2.85( 20.00] 18,50 1.58
P2-Pier

Point & | ssef sse| z.00] 10.70] 20| a35] 26.00] 18.00] .00
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1) Concrete (210kg/cm?)
V= (-1 XhX 1+ 14 Xx1,2 Xh, + BXL Xha(n3)

2) Fora
A= (by-1.)Xhy + 2X X1 Xhy + 2+ (Bel) Xhe (n?)

3) Reinforcement Bar (70kg/m®)
W = ¥X0.070 {ton)

4) Leveling Concrete
V. = B X1 X0.10 {n%)

5) Staging(Spc.n?)

6) Quantity (Pier : Type 1)

Py - Pier
Concrete Form Reinforcement Leveling. Staging
() {n?) Bar ({ton) Control (m?) (Spcem®)
Point 4 483.50 338.50 33.85 13.50 562.5
Alto Choro | 83.18 129.03 5.81 3.20 136.0
San Sliverio 115.83 183.02 8.11 4,80 206.0
San Lorenzo 205.50 295.57 14.39 4.80 336.0
Espiritu 243.24 32n.72 17.063 5.60 381.10
P: - Pier
Point A 633. 60 403.70 44.35 15.12 T24.5
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(2) Type 2

- Bb
&l —! E I -
L by ba "
& =
_bz 1;1 bg_ Iz il P )
L | NN
| | < | |
t | ; H
| | | |
v B | ; L |
B bl bz ba L 11 12 H hy h2 hs Bb
Patuni 6.00 5.00 §.50 2.75 5.00 1.20 1.90( 14.00 1.50] 10.91 1.20 | 10.50
Pto.Leon 6.00 4.00 1.00 2.00 5.00 1.20 1.90| 10.00 1.50 7.30 1.20 8.00
i

1) Concrete (210ke/a®) _
V= 34(0.80 +hy) XbaXhy+byX (hy +he) Xba+B XL Xhs {n?)

2) Torm
Ay = 2% (0.80 +hy) + by X{hy +ha) X2 +0.80X 2, X2 +/(-0,8)2 +by% X €, X2
+bheXheX?2 +2 X (B+1)Xhy {a?)
2) Reinforcement Bar (70kg/m?)
§ =V x0.070 (ton)
4} Leveling Concrete
V=B xL x0.10
5) Staging {Spcn®)
See : Tvpe-I
6) Quantity (Pire : Type 2}
Concrete Form Reinforcement | Leveling Staging
(%) (n?) Bar (ton) | Concrete (%) (Spcem?)
Patuni 89.98 139.58 §.299 3.00 147.12
Py 81.104 96.02 5.677 3.00 200,64
Pto:Leon
P2 81.104 96.02 3.677 3.00 200.64
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Apéndice 6--2 Precios Principales; Materiales y

Equipo
LABQUR COGST
uss
It Unit L. C. : F.C Total
em n Duties Other e @ Remark
Foreman PRS 1.91 1.75 19.06
Mechanic of Heavy Equipmemt PRS 2.73 24,53 27.26
Operator of Heavy Equipment PRS 1.38 16,91 ) 18.79
Operator of Light Equipment PRS 1.83) . 14,57 16. 30
Operator Assistant PRS 1.63 14,57 16.30
£ h t

Operator of Crusher Plan PRS 188 16.91 18,79
Operator of Asphalt Plant
Weasurer PRS _ 1.83 14.67 16. 30
Driver PRS 1.44 12.94 14,38
Technician of Explosive PRS 1.70 15.30 17.00
Perfortor PRS 1.63 14.67 16.30
C ter

arpenter PRS 164 14.75 16.38
Formworker ]
Reinforcement Yorker PRS 1.37 12.31 13.68
Masonry Worker PRS 1.37 12,31 13.68
Plasterer : PRS 1.38 12.45 13.83
Electrician, Welder PRS 1.3 12.31 13.68
Surveyar PRS i.32 11.80 13.22
Skilled Worker PRS 1,88 i5.91 18.78
Administrator PRS 1.32 11.90 13.22
Normal Worker PRS 0.92 8.32 9.24
Cook PRS 122 10.94 12. 16
Cook Assistant PRS 1.03 - 9.76 _ . 10.34
Guard Man PRS 1.23 11.21 ’ 12.52
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MATERIAL

COST

uss
Item S Dl e e T E.C. Total Renack
Cement Portland 50Ke 0. 48 5.70 - .18
Reinforcement Determed Ke 021 0.04 0.65 0.90
Reinforcement Mild Ke 0.21 0.04 0.62 0.87
Timber For Bridge n’ 31.39 269.10 - 300. 48
Timber for Bridge m* 0.38 3.02 - 3.40
—Ti_ru_her Normal m §.97 103.15 - 112.12
Timber Normal m* 0.29 2.3 - 2.65
éteei Plate t=27" m? 20.42 0.58 51.32 81.32
Steel Plate g 0.43 0.04 1.30 1.71
Separating Agent 2 0.25 0.04 - 9.29
Vinyl Chloride Pipe PYC ¢d” n 0.59% 4.70 - 5.29
Nail ke 0.31 0.04 0.94 1.29
Binding Yire Kg 0.30 0,04 0.80 1.24
¥ire Mesh 1. 3Kg/m? m* 0.38 §.0% 117 1.61
Adnixture Ke 0.51 - 1.83 2.44
Anchor Bolt ¢16 2=400">| Pcs 0.13 0.03 0.39 0.35
Extra Anchor Bort #9  2=200""| Pcs 0.02 n.01 0.05 0.08
Detonater No ¢, 09 6.0} 0.3 0.40
ynamite Ke 0. 40 0.04 i.20 1.64
Bit#Rod No 22.317 1.47 40.82 64.76
Seed Ke 0.70 6.30 - 7.00
Soil Improving Grass m? 9.40 84.60 $4.00
Filler ton 0.713 0.96 2.73 3.00
Prestressing Bar Ke 0.63 0.06 1.9¢ 2.60
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MATERIAL

COST
Uss
Item R T T s Total Remack

Gasoline ) 0.03| 0.2 - a1
Disel 10440 ) 0.03 0.23 - 0.26
Engine 0il SEA 30 g 0.09| 9.79 - 0.88
¢ 0.08 0.73 - 0.81

Hydraulic 0il ¢ 60cm £ 0.12 . 1.05 - INY
E;rete Pipe Culver -] 5.00 54.00 - §0.09
Cut-back Asphalt ton 84.94 3113 255.06 371.13.
Seal Carpet ton 74.94 3113 225.06 3313
Guard Rail 20. tg/n n .95 0.75 14.87 20.57
Traffic Harking w=10cm m 0.02 0.18 - 0.20
Bolt, Nut K¢ 0.19 0.15 0.56 1.00
Propan Gas Kg 0.02 0.19 0.21
Concrete Pipe +0.6m m 5.00 54,00 60.00
Corcrete Pice ol.0n a .65 104.8 116.5%
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OPERATION COST
Uss
ftem Tee ¢ | Wit i £.C. Total Remark
Bulldozer - D6 12.61 13.35 42.52 68.48 A -13
Bulldozer b7 15.26 11.89 52.00 79.15 -15
Bulldozer (Attach Ripper) ns 28.‘84 14.28 102.64 145. 76 -14
Track Crane 10~11Ton 8.28 5.99 .12 47.99 -6
Track Crane 4Ton 3.74 4.49 12.25 120,48 17
Excavator (Back hoe) 0.6m* 9.87 .17 34,19 51.83 -18
Hacadam Roller 10~12Ton 6.15 9.83 19. 14 35,12 7 -2
Tire Roller 20Ton 7.93 9.69 25.93 43.85 -22
Vibrator Roller 10Ton 10.74 10.79 36.13 57.866 -23
Road Sprinkler 5,000 ¢ 3.81 4.41 12.50 20. 82 -24
Crusher Plant 68m*/h 35.217 10.56 129.76 175.59 ~25
Asphalt Finisher W=3. bm 13.75 5.19 50.13 59.07 -26
Asphqlt Plant §6Ton/h 14.97 10. 61 53.04 78.62 -21
Motor Grader ¥=3.Tm §.62 8.317 28.16 46. 15 -28
Tire Roller 10Ton 6.25 9.32 19.72 35.29 -29
Tractor Shovel 1. §m? 2.37 3.33 0.76 6.46 -11
Dump Track B® 4.83 3.57 16.81 25.21 -12
Small Track 3.5%on 1.61 3.40 4.59 $.60 -13
Distributer 4,000 2 5.21 5.09 17.64 27.94 -20
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Apéndice 6-3 Costo Unitario de Construccion

UNIT COST FOR CONSTRUCTION

Uus3
Cost Unit LC. F.C. Total Remarks
Ttem Duties Gthers

Clearing and Grubbing ha 2,739 2,599 9,480 14,345 A-)
Excavation A m® 1.40 1.30 2.07 4.50 33
Excavation B m? 1.42 1.38 §.72 7.52 39
Finished Rolling of Subgrade m? 2.01 0.02 0.04 0.07 : 37
Seed Spraying m? 8.13 1.13 1.23 n
{oncrete Spraying - m? 3.29 11.97 7.59 . 22.85 65
Slope (- fvorks o 5.95 4.8 15.71 47.24 m
Concrete Pitching mt 5.15 13.68 13. 12 31.95 112
| Gravity(4® P 35.12 224.54 50. 02 309.77 69
foth 1 R [ Stone Sasonry e i1 2766 4.69 36.47 63
Grid Typa m? 17.01 67.07 3e.87] - 11500 51
Box 3.0X3.0 m 202 483 523 1,213 7L
Culvert | Box 4.0X4,0 m 282 636 730 1,708 [}
Pipe ol m 17.58 | 13L21 1243 | 161.22 70
Catch Netting m? 2.00 [.59 5.95 §.54 113
Gabion m £1.56 25.22 29.94 §6.72 14
Disaster Catch Fence m 20.48 39.02 53. 30 112.80 115
Gabion Dam m? 12.78 28.54 356.45 18.77 116
Shed n 1,565.36 2,904.05 4,444.72 8,914.13 117
French Drain @ 3.94 7.63 10. 44 21,61 118
Drainage Km 4,530 29,637 5,826 39,993 I
Subbase Course m? 0.36 0.30 1.28 1.94 87
Base Course m? 0.74 1.17 2.40 4.31 &8
Pavenent Binder Course m* 1.8 0.93 367 5.68 82
Surface Course m? 1.28 6.8 4 6.20 83

bridee 2250 Set

2 <50 Set
Lining m 1,022 3,180 2,713 6,915 92
Tunnel Unsupported m 751 2.076 2,038 4,865 91
Portal Pes 2,827 9,317 1,176 19,328 93

Traffic Sign

Others | Guard Rail ™ f 5,910 1740 14,050 21,700 104
Marking Km 41,50 . 427,50 475 105
Pavement | Macadam Asphalt m* 0.70 0.97 1.97 3.64 89
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CONSTRUCTION COST

Uss

[ 1tem R S e o i F.C, Total Renack
Concrete Class. B 210Kg/cm? _m’ 13.49 - 49.85 .1 §8.05 A -41
Concrete Class.C 160Ke/cu? 2’ 5.51 31,83 8.10 50.94 -42
Concrete Class.D - n’ 5.2 34.35 8.14 41.16 -3
Concrete Mixing m? 0.84 5.71 0.78 7.33 «A8 |
Concrete Placing (A) | by Man Pover o’ 0.43 3.91 - 4.34 49
Concrete Placing (B) by.Pip’u\g n? 0.7% 3.1% 1.51 5.41 -4
Concrete Placing (€) | by Crane m? 1.48 1.65 4.58 1.7 -49
Form ¥ork m* 0.67 6.23 0.04 6.94 -51
Reinforcement Work Ton 228. 8_2 105. 46 639.13 1.023.21 -52
Scatfolding Work n? 0.5 4.50 0.4 5.56 54
Loading Cost m’ 8.24 0.33 0.7§ 1.33 -11
Transportation Cost m? 0.09 0.07 0.33 0.4 12
Transportation Cost Tan 0.04 0.03 0.13 0.20 -12
Sand From Swapi m? 8.04 6.75 29.07 43.86 -45
Sand From Site W 1.20 1.43 3.99 6.62 -45
Gravel From Alt. Ben: | m* 7.28 6.53 26.02 39.83 -45
Gravel From Site m? 1.7¢ 2.26 5.89 9.94 -.45
Drainage Type 1 n 1.36 8. 41 1.95 11.72 ‘-75
Brainage Type 2 a 1.82 12.82 19.18 16.55 -16
Excavation for Tunnel m? 5. 36 12.41 15.63 33.40 -94
Mortar Spray for Tunnel t=l5cm n? 3.36 15.92 7.93 27.48 -97

I
Anchor ¥orks for Tunnel Pcs 14. 06 54,88 43.04 111.98 -98

I
Lining Concrete for Tun'nel t=15cm m 240.30 929.69 550,49 1,720.48 -101

L
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Unit Cost for Bridge Constructiion

B Name of Size L.C.
and Unit F.C. Total Remarks
Work Typa Duties Others

mExca_vation For Structure m? 1.65 6.98 3.3 11.94 8-32
Concrete Type -P a° 16.22 67.28 38,61 122.01 3-29
Concrete Type ~A 53 15.08 58.70  an.00|  110.79|  B-30
Concrate Type =D a® 5.27 34.35 8.14 4.7 A3
Concrete Mixing n? 0.84 5.7 0.78 1.3 A-48
Concrete Placing m? 0.75 3.15 1.51 5.41 A-49
Form{hard) n? 0.98 7.87 0.24 9.09 B-12
Formisimple} n? 0.67 6.23 0.04 6.94 A-31
Reinforcement Bar Ton 233.81 127.93 §94.18 1055.97 B-26
PC-Assembiling g 1.41 0.42 4.61 6.44 B-3
31ab n® 69.02 145.12 176.22 390. 36 B-4
{ross Beam .m 48,71 122.24 120.49 291.44 B-5
Shoe neopren Pce 42.66 15.36 126.717 184.78 B-6
Shoe (Box) neopren Pee 79.91 15.72 240.26 335.89 B-6
Expansion Joint mn 9.12 3.80 25.00 KY IS B-8
Drenage Pce 0.58 5.02 - 5.60 B-9
Handrail 16.66 35.43 42.38 94.47 B-10
Newel Post Br. 107.17 §3.08 788.83 959.08 8-11
[-Girder m* 142.55 177.84 416.83 737.22 -1
Main Girder {Box) n? 108.73 137.75 319.08 566.56 B-2
Staging Sec-n? 0.51 4.50 0.45 5.568 B-31
Erection Girder ton 4.40 1.26 18.04 23.70
Erection m* 19.7 2.09 95.3 77.09 C-
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