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36 Stability Survey
3.6.1 Suarvey Organization

A survey team should comprise the following staff:
1. Engineer : 1 person who is able to judge the disaster condition
2. Assistants : 2 persons who assist to the engineer with survey tools
3. Driver : 1 person with vehicle

3.6.2 Execution of Stability Survey

After screening the objective spots, the survey team should enter the score of each item onto
the stability survey sheets, and they should measure the size of damage and sketch this on the
inspection sheet. The important points to be surveyed are as follows.

- Preparation of “Past Disaster record™ sheets,

- Confirmation of the location of inspection spots from maps,

- Drawing and writing the necessary contents on the “Record of inspection Spots” sheet,

- Detailed entry of each item onto the “Stability Survey” sheet,

- To check vulnerable conditions on the “Stability Survey” sheet,

- To write the score of each item on the “Stability Survey” sheet,

- To draw the site location and its characteristics on the “Figure of Survey Result” sheet,
and

- To write the whole contents on the “Table of Survey Result” sheet.

The survey team should arrange the survey results of all objective spots. The responsible
engineer should discuss the results with the team.

3.6.3  Survey Result of Objective Roads

1) NIC.1

1) — 1. Survey of Slopes

NIC. 1 runs through a mountainous area north of San Benito, and between Esteli and El
Espino. There were 36 inspection spots found after the screening, of which 13 were rock
falling and 23 were rock collapsing. These all require a stability survey.
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1) - 2. Survey of Bridges
There were 22 bridges inspected for scouring of foundations. The objective bridges for
inspection had the following characteristics : '

® The river flow was not controlled.

® The depth of the abutment foundation was not stable.

® Scouring of the wing wall was observed.

2y NIC.3

2) — 1. Survey of Slopes

NIC. 3 is almost wholly located within a mountainous area with cuttings and embankment
slope sections. 40 inspection spots were recorded after the screening. The vulnerable items.
~ were rock falling, rock collapsing, slope slide and debris flow. There were 20 rock falling
sites, 15 rock collapsing sites, 4 slope slide sites and a large scale of debris flow.

2) - 2. Survey of Bridges _
There were two bridges at Los Cocos and El Guayacan, identified following the screening. A
part of El Guayacan bridge foundations has sunk from scouring due to Hurricane Miich.

3) NIC. 5
There was only one place identified for inspection after screening. The vuinerable item is

rock falling, located at the cutting section of 24.6 km west of Matagalpa.

4) NIC. 15

4) — 1. Survey of Slopes

NIC. 15 runs along a narrow section between a mountainous area and river arca from Las
Manos, at the border, to Ocotal and runs through a hilly area to the intersection at NIC. 1 at
Yalaguina. There were 18 numbers inspection spots, of which are 9 were spots of rock
falling, 5 spots of rock collapsing and 4 spots of debris flow. Between Las Manos and
Ocotal construction works are being carried out with the assistance of the Government of
Sweden (to be completed by July 2002).

4) — 2. Survey of Bridges

The vulnerable bridge sites following screening are characterized by:
©® Gradient of riverbed is very steep.
® Bridge abutments are located in river bends.
@ Riverbanks are protected only by gabion mats.

There were 4 bridges identified as inspection spots after the screening.
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5) NIC. 24

5) — 1. Survey of Slopes
There were 2 places for inspection spots, which were one rock falling and one rock collapsing

site.

5) — 2. Survey of Bridges
There were 7 bridges identified for scouring of bridge foundations after the screening. The
objective bridges for inspection are due to :

® The river flow is not controlled.

® The depth of the abutment foundation is not stable.

® Traces of scouring were observed around the piers.

6) NIC.26

6) — 1. Survey of Slopes
There were 21 inspection spots, of which 15 were the rock falling, and 6 were rock collapsing,
all on the mountainous and hilly section.

6) — 2. Survey of Bridges
There were 18 inspection bridges identified after the screening. The objective bridges for
inspection are due to :

@ The river flow is not controlied.

® The depth of the abutment foundation is not stable.

® Traces of scouring were observed around the piers.
3.6.4 Calibration of Survey Result

1) Objectives

The stability survey was carried out by trial surveys by engineers, and it appeared that there
were individual difference in the results of the survey scores. It is difficult to do comparable
evaluations. When only one engineer carries out the survey, the stability evaluation of cut/
embankment slope and natural slope will depend upon the relative evaluation with conditions
at other survey spots. Therefore, the scores of survey results should be compared with and

be calibrated against other results.
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2) Time and Method to Carry out the Calibration
a) Time to Carry out the Calibration

(D At the beginning of the survey, when surveys have been completed in
more than ten (10) spots along the same route (or nearby routes) with the
same items of inspection, the survey results should be ordered according -
to the final scoring of each stability survey sheet.  The score and total
evaluation of each item regarding the stability survey sheet should be
reviewed if necessary.

If survey spots surveyed number less than ten, then the calibration should
be carried out at all the spots.

(@ The slope condition of each objective road should be possible to be
evaluated and given a different score. Therefore, in case of every month
after the survey was carried out or in case of the survey was carried out by
other engineer, the final score of the stability survey should be ordered
from high evaluation, which is from the survey start point to ten (i0)
spots. And the score and total evaluation of each item regarding the
stability survey sheet should be reviewed if necessary.

@ As noted above, the score of the stability survey and the total evaluation
that carried out the calibration should be also referred to other survey
spots. Figure 3.6.1 shows the inspection flow and the calibration time.-

[ Inspection Flux 1

Screeming of
the inspection places

Calibration Time I

Recognition of
focal characteristics

Realization of
inspection stability

(1) Calibration in the initial phases of the stability inspection
(Inspection Habiity, Adjust of individual difference)
{2} One month after the beginnig fo the inspection
" (Calibration by rout)
(3) Two month after the beginnig of the inspection
(Calibracidn por cada ruta}

| PrevenionTable | :

Figure 3.6.1 Inspection Flux and Calibration Time
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b) Calibration Method
In the initial stage of the execution of the stability survey, when more than ten (10)
survey spots have finished, as shown in Figure 3.6.2, the results will be ordered as
shown in Table 3.6.1.

Table 3.6.1 Calibration of Initial Stages of Stability Survey (Example)

Order 1 2 3 4 5 6 7 g 9 10
Places of Inspection| A F G B D C H 1 ] E

(Score) 80) | B | (60 | O5) ¢ 50y ) GO | 4d) ] 3O | O | 20
Calibration B C J

Ejecution fdem | fdem | fdem | (70) | fdem | (60) | idem | idem | (40) | idem

Commentary As a result of the calibration, doubt spots are B, C, J. These spots was
reviewed and changed the scoring and the order such as below.

Order 1 2 3 5 6 7 8 9 10
Places of Inspection] A F B C b H ] 1 E
(Score) B | B | (T §F @0 ] 6 F 30 | 4§ 4D | O | 2O

Carried out of the stability survey —

44— Review of the stability survey results
(Calibration)
Figure 3.6.2 Calibration of the results of the Stability Survey

After the stability survey has been carried out, the calibration should be re-done every month
by route and the inspection score should be checked against the objective of the evaluation as
shown in Table 3.6.2.
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Table 3.6.2 Calibration of Each Route (Example)

Order 11203141516 7]8] 9;10 Note

Route A:

PlaceofInspection | A| F| B| G| CjiD|HjJ | T1]|E

(Score) : (80)| (BON(70)| (60)[ (60){ (50)[ (40)| (40)| (30)] (20)

Route B: ! \ I\ In contrast of

PlaceofInspection | e | hy aN b [ I | c | j9 d] £ | g |RouteA the

(Score) (90)[ (90)| (70)| (70} (70){ (60)| (50){ (30)| (30)| (20)|evaluation of
\[/ \I/ \l/ theRoute B is

Review (80)| (80) (40) a little lower.

Route C: ' :

C) In the Case of the Stability Survey being carried out by Two (2) or more Engineers
Where stability surveys are carried out by more than two (2) engineers, the score of each
engineer should be compared and be reviewed in terms of a) above if necessary.

3) Survey Items to be carried out in the calibration
There are two key survey items to be considered in the calibration. These items are the
dispersion of score at the many following disaster spots:

® Rock-falls and collapsing

® Rock Collapsing

3.7 Disaster Potential and Critical Spots

3.7.1 General

Based on Sections 3.5 “Assessment Items/ Scores of Disaster Potential/ Critical Spots” and
3.6 “Stability Survey”, the disaster potential spots and the disaster critical spots are identified

by scores of 60 points / 70 points or more.

The 1dentified spots of the objective roads are shown in Table 3.7.1 through Table 3.7.10.
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3.7.2 NIC. 1
1) Vulnerable Slopes

Table 3.7.1 Identified Disaster potential/ Critical Spots of Slopes on NIC. 1

Xir)

50.0 30| RF. 230! 64\ 43° 811 * '
524 | " RFE. | 59

| 540 | RC. | ' 54 J

|

\
55.7 ' RFE ‘ J 57
574 | RC. | . 57

1 | [ QO [N | =

6 593 | ‘RC. 59

7 605 | RC. | ' 45

8 608 | 29| RF 890 24 56° 0l "% 7 %
9 1

716 | R.C. | 42
10 73.2 28] RF. 350]. 8 Al 78] * | %
11 840 | | RC. 50
12 | 1291 R.C. 1 42|

13 1427 | 271 RGC. 370 50 63° 68 *
14 | 1570 26| RG. 114] 12 637 _ 68
15 1872 251 RGC 280 8 66° 55

16 | 1684 | 24| RF. | 600/ 30| 66°| 84 * *
_ 17 168.6 23] RC.: 280] 30 70° 72I * 1 x

18 | 1690 | 22| RF. 120 50 70° 69 *

19 169.8 201 RC. 200| 28 80° 72| =% *

20 1707 | 19] RC. | 440 64, 60° 720 % |

21 | 113 17 RC. 460 30 83° 78 x| %

22 1739 | 16] RF | 500 30/ 43 67] % |

2 | 175.0 15| RGC. 1301 15 60°! 76 * *

24 176.2 12| RO, 360] 40 ‘@ % *

25 178.7 ' 60°) 76 * *

26 183.5

27 | 1843

28 187.3

29 | 1958

| 2047

%
33 1 66| *
34 . 75, % *
35 233.7 | .F. * *
36 | 2356 | 11 RF,_ | 145 73 % | %
Total | 23| 16
Potential Critical
R.F. :Rock Fall ;10 07
RC. :Rock Collapsing - 13 ]
8.5, Slop slide :0 ;0
DF. Debris Flow -0 ;0
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2) Vulnerable Bridges

7 36+868 [La Estalua : 1938 | 50 =
3 40+960 [Qda. Monda 7.00 5.00 | 1938 | 4 -~
42433 [ElMatadera 74.30 | 13.50 [ 1938 | 35! =

4
5 | 84+430_  ElVenado | 72.50 18+26+16 | 1973 30 25
6 19.50 HEEICEH! 30 - -
7 6n Ne 21.70 20.70 1957 20 - !
: - 1953 55 55
% i §+9+g 1956 75 a0l #
18.7423.4+18.7 | 1957 70 60

11 | 135+640 iSan Nicolas 18.60 | 17.60 1857 100] -~ * bl
| 12| 135+860 |El Hatillo [ 1550 | 14.50 | 1957 70 - *
13 | 150+330 |Las Chanillas (R.Esteli) 62.00 17.8+24+17.8 1958 0 90 * d
14 | 1504925 .ElRastro 19.00 | 18.00 1957 30 -
15 | 151+850  [San Ramén 15.50 13.80 | 1957 . 100 -1 * *
54.00 14.4+21.8+14.4

16 | 158+650 |La Sirena | 1956 60] [
| 17 | 158+470 |Rio ElJular 56.00 | 14.5+20.8+145 80| 85 -
| 16| 1847670 i i 0] 80" T
18| 191680 / 45! 56 * ]
(2G| 192+033 | . 50 - J
21 | 2064890 I 1954 ¢ SO 100 - [ -
27 | 233+245 |RioTapascaii I 75 9 1 *
Total 1] &
*The Ducuali Bridge length is kess than the river width,
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373 NIC.3
1) Vulnerable Slopes

Table 3.7.3 Identified Disaster potential/ Critical Spots of Slopes on NIC. 3

: £ | l
9.3 34| _RG. | 90/20+20 | | 42
9.6 33 _RC. | 30\7+zo K I 42 .

i 22.1] 32| RC.
\ 235! 31 RC.

16 308! 25| RF. 140] 23] 40 62] %

17 24| RGC. 110 14 57°] 70 = *

18 32.9) 23] _SS. 180 26| 40°| 73, % | %
15) 377

40 J_ 5_{ . ‘
Total | 23l 11
Potential Critical '
RF.  -Rock Fall -8 Y
R.C. :Rock Collapsing 10 16
S.5. :Slop slide : 4 14
D.F. :Debris Flow 1 1
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2) Vulnerable Bridges

Table 3.7.4 Identified Disaster Potential/ Critical Spots of Bridges on NIC. 3

Table 3.7.5 Identified Disaster potential/ Critical Spots of Slopes on NIC. 5

1 R 5 - 3

£ SR
Total | 1 1
Potential Critical
RF. :Rock Fall 4 o1
RC. :Rock Collapsing :0 :0
S.5.  :Slop shde -0 :0
D.F. :Debris Flow ;0 0

3.7.5 NIC.15

Table 3.7.6 Identified Disaster potential/ Critical Spots of Slopes on NIC, 15

Total 1 6! 4
Potential Critical

R.F. :Rock Fall 12 10

R.GC. Rock Collapsing 0 :0

8S. :Slop slide :0 10

D.F.  :Debris Flow 4 ;4
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3.7.6 NIC.24
1) Vulnerable Slopes

Table 3.7.7 Identified Disaster potential/ Critical Spots of Slopes on NIC. 24

RF.
2 285 | 2| RC. | 140 16 55° 63  =*
Total t 1l 0
Potential Critical
RF. :Rock Fall o 1 0
RC. :Rock Coliapsing 1 ;0
S.8. :Siop slide -0 Y
DF. :Debris Flow -0 :0

2) Vulnerable Bridges

Table 3.7.8 Identified Disaster potential/ Critical Spots of Bridges on NIC. 24

sastel

11324055 [El'Hogar {La Mora
2,143+000 _ [San Ramoni
3]183+988  {Choeolatero

4'189+111  [La Culebra

5[197+929 __ Rio Negro . 50
6198+675 | San Antonio 10.3! 9.0 1968 35
7,201+520  |[Tecomapa 16.3] 15.0 | 1968 40] - ]

Total i 2l o
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3.77TNIC, 26
1) Vuinerable Slopes

Table 3.7.9 1dentified Disaster potential/ Critical Spots of Slopes on NIC. 26

1
2
3
4
5
6
7 8 | .
8 28.5 8 }J.F. 85 12 50°
9 291 | 9] RF. | ]
10 203 10, RF._ | 17 19 41°
1 298 | 11 RG] 110 13) 58°
12 300 | 12l RGC. ! 100 16/
13 33.6 | 13 RF 60 11,
14 34.0 4] RC 300 16
15 342 15/ RF. 150 52
16 370 16] RGC 90 24
17 39.1 17] RF.
18] RF.
19] RF. '
Pl 20, RF. ]
455 | 21 RC. | 280 32!
Totai
Potential Critical
RF. :Rock Fall 10 : 8
R.C. :Rock Collapsing : 5 -4
S.5. :Slop slide :D :0
D.F. :Rebns Flow -0 : 0

2) Vuinerable Bridges

Table 3.7.10 Identified Disaster potential/ Critical Spots of Bridges on NiIC. 26

_ 7 _ s
2]104+657 _ |Figuetoa . . 40 -
3/105+300  |Santa Ana 8.2 55: 1963 55 = i
4[106+020 _ 'Los Pedrones 6.4 3.7 ] 1963 60, -
51064687 _ |Quimera 17.7 B+5+5 | 1964 65 65
6/107+533 Solis 7.2 4.6/ 1963 100 = > *
71108+154 _ |Papalon L 5A] 3.5 1963 9 - g ¥
108+784  |La Higuera . . 1963 55| -
9 San Jacinio il 964 50 -
10 'La Milagrosa | 8.6 964! 60 -
il Santa Amalia (Malpaisilio} 16.5 - 964 30 -
12[145+617 |kl Caimjto 318 10+10.2+10 [ 1966/ 55 45
131148+051 Tionoste 19 180 1966/ 30; -
141564785  |San Juan de Dios ; 75+7.5 | 1965 o0 70 * *
| 15[164+125 [El Jicaral 130! 4{32.5)| D2001| 70 55 *
16/169+544  ‘las Pilas ! 8.5 8.0 1966| 70 - *
17.170+952  |La Banderita [ 316 6.6+15.4+6.6 | 1966’ 100] 65 *] *
18[190t265 _ [La Manga No. 1 [ 108 9.3 1968] 55] -
Total I 4
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3.7.8  Identification of Disaster Critical Spots

The total number of critical spots was 55 consisting of 15 spots (27%) of Rock-falls, 20 spots
(36%) of Rock collapsing, 4 spots (7%) of Stope slide, 5 spots (%) of Debris flow and 11
spots (20%) of Bridge scouring, on all the objective roads as shown in Table 3.7.11.

Table 3.7.11 Total Number of Disaster Critical Spots

NIC.1 | 7 9 0 0 6 |22040%)| 237 0.09

NIC. 3 0 6 4 1 1 122%)| 60 0.20

NIC. 5 1 0 0 0 0 1 2%) 48 0.02

NIC. 15 0 0 0 4 0 4 (7%) 43 0.09

NIC. 24 0 0 0 0 0 0 (0%) 77 0

NIC. 26 7 5 0 0 4 16(29%) | 99 0.16
Total 15 20 4 5 11 55 564 0.10

(273%) | (364%) | (7.2%) | (9.1%) | (200%) | (100%)

The number of critical spots on each objective road is 22 spots (40 %) on NIC. 1, 12 spots
(22%) on NIC. 3, 1 spot (2 %) on NIC. 5, 4 spots (7 %) on NIC. 5 and 16 spots (29 %) on
NIC. 26.

The probability of risk of the critical spots can be expressed as the number of potential road
disasters per kilometer. The average probability of risk is 0.10 spots/km. The highest is 0.20
spots/km on NIC. 3, with the second being 0.16 spots/km on NIC. 26. On the other roads
risk is lower with 0.09 spots/km on NIC. 1 and NIC. 15, and 0.02 spots/km on NIC. 5.

The highest risk of disaster is from rock-collapsing, the second from the rock-falling, the third
from scouring of bridge foundations, followed by debris flow and slope slide.
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CHAPTER 4 COUNTERMEASURES
/ ROUGH COST ESTIMATION TO DISASTER CRITICAL SPOTS

4.1 General

The stability survey score of the disaster critical spots is different individually with the
disaster items, the disaster situation, the disaster scales, the disaster frequency and sc on.
Therefore, the countermeasures against roads disaster prevention should be studied in
consideration of the natural condition, the environmental one and the construction materials/
equipments in Nicaragua country and the MTI maintenance budgets.

4.2 Objectives
4.2.1 Views of Countermeasures

The objectives and the views of countermeasures for road disaster are the following items.
@ To prevent the occurrence of unexpected disaster,
® To pass smoothly without blocking a road section 1o traffic and people,
® To keep property of public and private, and
® To decrease maintenance and rehabilitation cost for road.

4.2.2  Definition of Countermeasures

As described in the above-mentioned Section 4.1, each disaster critical spot is a various
situation for stability. Countermeasures to the disaster critical spots are divided into the
following three categories in consideration of disaster characteristics.

® Permanent Countermeasures,

® Temporary Countermeasures, and

® Emergency Countermeasures.

1. Permanent Countermeasures
Permanent countermeasures are defined as the following items.
® The lifetime of countermeasures should be least twenty (20) years during the
maintenance work.

® An adequate budget for permanent countermeasures should be safeguarded at all

times.
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2. Temporary Countermeasures
Temporary Countermeasures are defined as the following items.
® The lifetime of countermeasures should be at least ten (10) years during the

maintenance work.

3. Emergency Countermeasures
Emergency countermeasures are defined as the following items
@ It means that a serious and dangerous spot must be improved immediately.
® The lifetime of countermeasures should be until the next rainy season or less than a
half year.
® It is necessary to decide upon the implementation of temporary countermeasures or
permanent ones during the lifetime of the emergency countermeasures.

4.3 Basic Policy of Countermeasures
4.3.1 Basic Policy

The basic policies of countermeasures are set in consideration of the following items.
® Almost materials for construction are produced from Nicaragua own country.
® Special materials for construction are also possible to be imported easily from the
neighbor country. |
® Construction cost is relatively cheap. :
® Improvement of disaster critical spots needs not only materials but also the

techniques of labors, workers and engineers.
4.3.2 Procurement of Construction Materials/ Equipments
Construction materials and Equipments are possible to procure in Nicaragna and neighbor

countries as shown in Table 4.3.1 and 4.3.2. Besides many types of countermeasures are
possible to apply in Nicaragua as shown in Table 4.3.3.
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. Table 4.3.1 Procurement of Construction Materials

S N e

Portoland cement

Coarse aggregate
Fine aggregate

ORNOR NGRS

Plywood panel

Steel form

Reinforcing bar
Admixture
PC bar

Note: (O; Possible for procurement

OlOo|Oo]O

Table 4.3.2 Procurement of Construction Equipments

Bulldozer 15t O

Back hoe 0.6m’ O

Tire roller 10t O

Road roller 10t @)

Vibrating roller 10t O

Dump truck 11t C

Truck 10t O

Welder 300A O

Truck crane 20t O

Truck crane 45t O

Trailer 20t O

Hydraulic 1300kg O

Truck mixer 45m O

Jumbo breaker 1300kg O

Compressor 5 m’/min O

Generator 25kvA-150kvA C

Note: O; Possible for procurement
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* Table 4.3.3 Type of Countermeasures and Counstruction Records in Nicaragua

(1)  Earth
Work

Removal

Recutting

Rock splitting

Embankment

(2

Vegetation

Hydroseceding

Vegetation

(3) Surface
Drainage

Crest ditch

Berm ditch

Toe ditch

(4) Structure

Stone pitching

Shotcrete

Sprayed concrete crib

Gabion Wall

Stone masonry wall

Gravity-type retaining wall

K -shaped retaining wall

Pilling,

(5) Protection

Prevention net

Prevention fence

Barrier with concrete wall

Rock bolt

Rock shed

Concrete dam

(6)Bridge Concrete revetmeng --
protection Stone riprap -~
Gabion mat for pier -
Dumped rock -

oloiciololo x x|x xioolo|ojolx |xolojolojo|xlolojolof
[}
]

Note: (O; There are results.

--; There are results. O, Possible

X ; Results none

A It is necessary to advice technically for the materials and equipments.
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4.4 Design Standard

The gradient of cut and embankment slope is adopted NIC.2000 in Nicaragua. However After
inspection survey in this Study, its gradient has been adopted as shown in each tables.

4.4.1 Embankment Slope
Embankment slope is decided by traffic volume and embankment height in Nicaragua. Gentle
slope in consideration of the roadside land use is applied when embankment height is less

than 1.2m. A recommendable slope standard is shown in Table 4.4.1.

Table 4.4.1 Recommendable Embankment Slope Standard

Number of Lane 2 2 2 2 4

Future Average Daily Traffic (vpd) 400 400-1.800 | 1,800-3,000 -3.000 Over 3,000

31 3] 41 31 4.1

H<l2m
: . 2: 1) 21 G:1) G:1) G
Side-

ide-slope | On Fill Ho1am | 11201 11/2:1 2.1 21 21

: a1z | ainz-ny (1172 1) a12:1) | awz:p

Figures in brackets are existing values in Nicaragua.

4.4.2 Cut Slope

The standard of cut slope in Nicaraguan is decided by geological sound and traffic volume.
Geology is being classified in four types of the sound fock, unknown soil, well compacted
soil and not well compacted soil, it isn't being decided from the detailed rock kind, geology
and physics character. A recommendable cut slope standard is shown in Table 4.4.2.
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Table 4.4.2 Recommendable Cut Slope Standard

10 = H 30 0.1763 0.2 1

M< H = 20 80 0.1763 0.2 1

hard rock 1B o<W = 30 60 05774 | 06 1

H > 30 60 0.5774 0.6 1

10 = H 65 0.4663 | 05 1

1B 10 < H = 20 65 0.4663 05 i

20 < H = 30 55 0.7002 0.8 1

H > 30 55 0.7002 0.8 1

10 = H 60 05774 0.6 1

10 < H = 20 60 05774 0.6 1

soft rock LA 20 < H =< a0 50 0.8391 1 1

H > 30 50 0.8391 1 1

10 = H 55 0.7002 0.8 1

TA 10 < H = 20 55 0.7002 0.8 i

0 < H = 30 45 1.0600 1 1

H > 30 45 1.0000 1 1

i0 = H 45 1.0000 i 1

. 10 < H = 20 40 1.1918 1.2 1

soil/sand I 20 < H =< 30 35 1.4281 15 1

H > 30 30 1.7321 138 1

1
90
N
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4.5 Classification of the Countermeasures
4.5.1 Applicable Countermeasures

The applicable countermeasures are shown in Table 4.5.1 against slope failures and shown in
Table 4.5.2 against bridge foundation scouring,

Table 4.5.1 Applicable Countermeasures against Slope Failures

(D Removal Ol0]10|0]0]|CIO|C|0|10|0|0
Earth Work | Recutting O|O|C|OIOIO|0I0,0]10!10;0
Rock splitting OO0 O|0IO|X|X[X|0|0]0
Embankment OIC|O XXX, 0100|AIA|X
) Hydroseeding O1O1O0OATAIATOICIO OO0
Vegetation Vegetation clolox[x{x ololololojo
(3) Crest ditch ClOOIAITAO|O|010 XXX
Surface Berm ditch AOIOIATOIOIA|O|O| X | XX
Drainage  I7roe ditoh NEEIRNEREINEEREE
¢y Stone pitching OlOIAX|X|X|OlO|A]X| X|X
Structure Shotcrete AO|ICIAIC|O|AIAIAIAIC|O
Sprayed concrete crib XIATOIXIATOIXIATOIXTATO
Gabion Wall ClOIA|IC|O|IAO]IOA|IOC|O A
Stone masonry wall ATOIOIAIO|IO|IAIOIO]AA A
Gravity-type  retaining | A | C| O A OO A[|OJO|A|AA
T-shaped retaining wall | X | AT O X |A|O| X|A|OC|X|A|A
Pilling XX I X[ XIX[X[|AO|O| X X|X
(5) Protection | Prevention net AAIXTAIO|O XXX XXX
Prevention fence X IATOIATOIOI XIxIxIxIxlx
Barrier with concrete | X | A | O|IAT OO X X I X | X | X1 X
Rock bolt AX | XITOIOIO|I XXX X] XX
Rock shed XIXIAIX|[ATO X X!IX|X|AIO
Concrete dam X[ x| x x| xIx|x|x][x|x[O]O
Note: E; Emergency Countermeasures, T, Temporary Countermeasure

P; Permanent Countermeasure
O; Most Appropriate, /\; Applicable, >; Not Applicable
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Table 4.5.2 Applicable Countermeasures against Bridge Foundation Scouring

Bridge | Conoreterevetment | X |O|O| x| OO
protection Stone riprap AIOIOI0O|00
Gabion mat for pier XX | X|O|OC|A

Dumped rock OIX I XIOlxI X

Note: E; Emergency Countermeasures, T; Temporary Countermeasure
P; Permanent Countermeasure
(O; Most Appropriate, A\; Applicable, X ; Not Applicable

4.5.2 Rock-falling, Collapsing

1) Emergency Countermeasures
A selection procedure for emergency countermeasures in the case of rock-falling/collapsing is
shown in Figure 4.5.1.

Fear of traffic
interruption; from
damage
expanding

Traffic will be
bloked by rock-

Removal or *Barrier with gabions,
recutting is sandbags
*Crest ditch
*Counterweight with
sandbag/gabion
*Remove
*Recutting
Temporary/permanent
courtermeasure

Figure 4.5.1 Selection of Emergency Countermeasure in Case of Rock-fall/Collapsing

2) Temporary/Permanent Countermeasures
The flow charts in Figure 4.52 and Figure 4.5.3 explain the selection procedure for a
temporary and permanent countermeasure.
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START

iftime of a
emergency or
temporary

No

countermeasure is
expire

Important part of No

the road network

Repair work takes Yes

long time

Permanent
No

countermesurs is
feasible

Yes

[ *Permanent Countermeasure I | *Temporary Gountermeasure ]

Fgure 4.5.2

Selection of Temporary and Permanent Countermesure
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START

Stable slope
is secured by
cutting

Surface

Possibility to
gonstruction of
structure

Surface

No

*Prevention net

drainage is drainage is
effective effective
Yes Yes
h A
#Surface drainage *Surface drainage
&3
Necessity of
. . No
prevention of erosion
or weathering
v h 4
.. *Prevention fence
*Retaining Wall . N
*Gabbion wall *Barrler with

concrete wall
*Rock shed
*Relocation of route

*Gabbion wall
- *Prevention net *Barrier with
Soil Rock gabion wall
#Vegetation *Shotcrete

*Sprayed concrete crib

#Vepetation *Shotorete

Note: [Tl Peramanent countermesure{upper side)
1 Temporary countermeasurs(lower side)

Figure 4.5.3 Selection of Temporary and Permanent Counter measure for Rock-fall/Collapsing
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4.5.3 Rock collapsing

1) Emergency Countermeasures
A selection procedure for emergency countermeasures in the case of rock collapsing is shown

in Figure.4.5.4.

Fear of traffic
interruption from
damage
expanding

Traffic will be
bloked by rock

Removal,

recutting, *Barrier with gabions,

sandbags
*Remove
*Recutting
*Fixation by bolt
etc.
Temporary/permanent
countermeasure

Figure 4.5.4 Selection of Emergency Countermeasure in Case of Rock Collapsing

2) Temporary/Permanent Countermeasures
The flow charts in Figure 4.5.2 and Figure 4.5.5 explain the selection procedure for a
temporary and permanent countermeasure.
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START

No

Possibility to
cut

Possibility to N
keep space for ©

*Hecutting accomodation of
collapsed mass
No Slope
surface is Yes
h 4 h 4
*Shotcrete *Barrier with concrete *Prevention net
*Crib work wall #Relocation of road
*Prevention fence
*Rock shed
*Shoterete
*Prevention net

*Barrier with gabion
wall

END

Note: D:E Permanent Countermeasure{upper side)
D:D Temporary Countermeasure{lower side}

Figure 4.5.5 Selection of Temporary and Permanent Countermeasures for Rock Collapsing
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4.5.4  Slope Slide

1) Emergency Countermeasures
A selection procedure for emergency countermeasures in the case of slope slide is shown in
Figure.4.5.6.

START

Fear of traffic
interruption from
damage
expanding

Traffic will be
bloked by slope

Removal or
recutting is

*¥Wooden prevention pile
*Crest ditch, roadside ditch

Slope is still
moving

Temporary/permanent
countermeasure

*Remove
*Recutting
*Counterweight with
sandbag/gabion
*Crest ditch
*3urface ditch

Figure 4.5.6 Selection of Emergency Countermeasure in Case of Slope Slide

2) Temporary/Permanent Countermeasures
The flow chart in Figure 4.5.2 and Figure 4.5.7 explain the selection procedure for a

temporary and permanent countermeasure.
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START

arth remova

Safety factor for Prevention

. work/ . No
drainage system applicable applicable

*Relocation of road -

Horizontal drain
hole is applicable

b4
*Horizontal drain *Removal *Retaining wall
hole . *Counterweight *Gabbion wall
*Surface drainage il
*Vegetation *Pilling
*Crib k
*Removal idhided
*Horizontal drain *Counterwsight )
hole *Gabbion wall
*¥Surface drainage *Piiling
*vegetation *Counterweight

Note: [T T] Permanent Countermeasure (upper side}
D:::D Temporary Countermeastre (lower side)

Figure 4.5.7 Selection of Countermeasure for Slope Slide

4.5.5 Debris Flow

1) Emergency of Countermeasures ,
If debris flows are anticipated in new further, the following counicrmeasures will be effective

prevention against the debris flow to reach the road surface:

-To remove debris,
-To block debris with fence or retaining wall or dam, and
-To control traffic flow.
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2) Temporary/Permanent Countermeasures
The flow chart shown in Figure 4.5.8 explains the selection procedure for emergency and

temporary/permanent countermeasures.

START

Emergency and temporary/permanent countermeasure

Possiblity to Yes

sift road

Possibilty to
change road

Mountain stream
bed is higher

Road is higher
than mountain

Relation
between road
hight and

mountain stream
" bed hight

Possibility to
apply control
works for debris
flow

Temporary/permanent countrmeasure

]
]
]
]
¥
i
) *Bndge *Tunnel
1
]
]
]
1

1 i

1 | :

1 1 !

- 1 *Control of H

*Culvert *Shelter : ::I:ﬁtammg i Taffic i
! !

! *Fenge ' E

i i e e i im e t— e pus

Figure 45.8 Selection of Countermeasure for Debris Flow

4.5.6 Bridge Foundation Scouring

1) Emergency Countermeasures
A selection procedure for emergency countermeasures in the case of bridge foundation
scouring is shown in Figure 2.5.9. |
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START

raffic will be

bloked by bridge
foundation

scouring

Possibility to fill

*Gabion
*Dumped rock

Fear of cdlapsing
of abutment/
pier/approach

road by scour

*Gabion
*Dumped rock

Temporary/permanent

—»

countermeasure

Figure 4.5.9 Selection of Emérgency Counterme asure in Case of Bridge Foundation Scouring

2) Temporary/Permanent Countermeasures

The flow chart shown in Figure 2.5.10 explain the selection procedure for temporary and

permanent countermeasure
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START Temporary countemeasure

Permanent
countermeasure

Waterway

i *Channe| dredging
opening is

*Removal of

#Abutment protection
*Riverbank protection

*Improvement of
discharge capacity

*Realighnment of
river channel

Waterway
opening is

Riverisina

S *Abutment and pier
flood without

prctec‘i:ion
*River bark protection

*River channel stabilisation
*Abutment protection

Figure 4.5.10 Selection of Tenporary/Permanent Countermeasure in Case of the Bridge Foundation S couring

4,577 Classification of Countermeasures

Countermeasures for disaster critical spots are classified into six groups in consideration of
their purposes and applicability. The relation between objects of prevention
countermeasures and types of construction works is shown in Figure 4.5.11.
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Type of work
Objects of prevention countermeasures -
Emergency Temporary Permanent
*¥Vegetation
® e *Shotcrete
Prevention of erosion
and weathering
b #*Cribwork
i:f:rc;l;lsozrpeore P *3urface and horizontal drainage
©)]
*Removal
Removal of unstabale > *Cutting

material

@

Increase of stability

by additional weight

B

®

by structure

*Counterweight by gabions/
sandbags

Prevention of rock
collapsing diffusion

®

Aveidance of disaster

*Retaining wall
{gravity /T-shaped type)
b — gl ¥Cribwork

*3tone masonry
*Pilling

*Barrier with gabbions/
sandbags

*Prevention net

| *Prevention fence

*Relocation of road

*Bridge

| *Culvert

Figure 4.5.11 Relation between Objects of Prevention Coutermeasures
and Types of Construction Work
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4.5.8 Countermeasures for Objective Roads

Countermeasures for each critical spot of objective roads are shown in following tables.
Presented countermeasures have been studied in article 4.5.3 to 4.5.10.

1) NIC. 1
Table 4.5.3 Type of Countermeasure for Slope Damage on NIC.1

No | Location Cizzsé%?:;z?eff Score Type of Countermeasure Ql(lz?)lty
1 60.9 | Rock-fall 70 | Barrier with gabion wall + i T | 440(m)

2 73.2 | Rock-fall 78 | Prevention net ) 7,000

3 168.4 | Rock-fall 84 | Prevention net T 19,703

4 168.6 | Rock collapsing 72 | Prevention net T 5,363

5 169.8 | Rock collapsing 72 | Prevention net LT 6,466

6 170.7 | Rock collapsing 72 | Recutting + Shotcrete P 15,242

7 171.3 | Rock collapsing 78 | Recutting + Shotcrete . P 8,754

8 175.0 | Rock collapsing 76 | Recutting + Shotcrete PP 2,252
9 176.2 | Rock collapsing 74 | Recutting + Shotcrete PP 4 988
10 178.7 | Rock-fall 76 | Prevention net i T 7,760
11 187.3 | Rock collapsing 73 | Recutting + Shotcrete . P 2.540
12 204.7 | Rock collapsing 73 | Prevention net L T 2,217
13 214.7 | Rock-fall 70 | Recutting + Shotcrete PP 1,935
14 232.5 | Rock collapsing 75 | Prevention net T 3,695
15 233.7 | Rock-fall 73 | Recutting + Surface drainage | T 8.407

+Vegetation ' :
16 235.6 | Rock-fall 73 | Recutting + Shotcrete . P 1,389

Note: E; Emergency countermeasure, T, Temporary countermeasure
P; Permanent countermeasure

Table 4.5.4 Type of Countermeasure for Bridge Foundation Scouring on NIC.1

. Classification of : Quantity
No | Location road Disaster Score Type of Countermeasu‘re (m%)
1| 113+190 |Bridge foundation 90 | Gabion mat T 252
scouring _
2| 135+640 | Bridge foundation| ), | Gabion mat T 18
scouring _
3| 1504330 Bridge foundation 90 | Gabion mat T 666
scouring _
4| 151+850 Brldgp foundation 100 Gabion mat T 117
scouring .
5| 226+890 Bridge foundation 1oo | Gabion mat T 41
scouring _
6 2334245 Bridge foundation 160 Gabion mat T 18
scouring
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2) NIC.3
Table 4.5.5 Type of Countermeasure for Slope Damage ¢n NIC.3
No L(zﬁnu)o n Crlzsasci%g;;;ff Score Type of Countermeasure nginlzt)lty
1 3.9 | Rock collapsing 74 | Recutting ) 1,046
2 6.9 | Rock collapsing 72 | Recutting DT 1,369
3 7.4 | Rock collapsing 80 | Recutting LT 1,049
4 22.1 | Rock collapsing 74 | Recutting C T 5,287
5 32.7 | Rock collapsing 70 | Recutting + Shoterete . P 1,836
6 32.9 | Slope damage Recutting + Embankment . 3,460
+Counterweight +Vegetation !
7] 35.2| Debris flow 75 | Dam L P | 100(m)
8 35.9 | Slope damage 71 | Recutting + Embankment P 4,352
+Counterweight +Vegetation :
9 38.9 | Slope damage 90 | Recutting + Embankment . P 4,526
: +Counterweight +Vegetation !
10 39.4 | Slope damage 90 | Recutting + Embankment P 284
+Counterweight +Vegetation |
11 40.0 | Rock collapsing 85 | Recutting + Prevention net . P 2,272

Table 4.5.6 Type of Countermeasure for Bridge Foundation Scouring on NIC.3

. Classification of Quantity
No | Location road Disaster Score Type of Countermeasure (m?)
Bridge 100 i
1| 119+050 | foundation Reconstruction wing wall PP 8
scouring
3) NIC.5
Table 4.5.7 Type of Countermeasure for Slope Damage on NIC.5
Location | Classification of | Quantity
No (km) road Disaster Score Type of Countermeasure (m)
_ Recutting + Surface ;
1 24.6 | Rock-fall/collapsing 76 | drainage P T 55,600
+ Vegetation !
4) NIC.15
Table 4.5.8 Type of Countermeasure for Slope Damage on NIC.15
Location | Classification of Quantity
No (km) road Disaster Score Type of Countermeasure (m)
1 13.6 |Debris flow 70 | Gabion wall L T 100
2 11.7 | Debris flow 70 | Gabion wall ¢ T 70
3 11.1 | Debris flow 70 |Dam : T 65
4 9.9 | Debris flow 70 |Dam v T 45
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5) NIC.26
Table 4.5.9 Type of Countermeasure for Slope Damage on NIC.26

No chgntl)o n Crlzzsg%gézgl?f Score Type of Countermeasure Ql(l;nlzt)lty
1 9.0 | Rock-fall/collapsing 71 | Recutting T 841
2 12.7 | Rock-fall/collapsing 70 | Recutting D T 2,724
3 19.9 | Rock-fall/collapsing 71 [ Recutting ¢ T 6,683
4 20.9 | Rock-fall/collapsing 72 | Recutting P T 1,595
5 24.7 | Rock-fall/collapsing 70 | Recutting + Shotcrete P T 2,050
6 29.3 | Rock-fall/collapsing 76 | Barrier with gabion P T 77(m)
7 29.8 | Rock collapsing 73 | Prevention net T 956
8 33.6 | Rock-fall/collapsing 72 | Recutting + shotcrete DT 780
9 34.0 | Rock collapsing 80 | Recutting LT 2,472
10 34.2 | Rock-fall/collapsing 85 | Recutting + shotcrete T 0,641
11 37.0 | Rock collapsing 86 | Prevention net ) 2,226
12 45.5 | Rock collapsing 71 | Prevention net P T 6,472

Table 4.5.10 Type of Countermeasure for Bridge Foundation Scouring on NIC.26

: Classification of Quantity
No | Location “road Disaster Score Type of Countermeasure (m?)
1| 107+533 | Bridge foundation | ;44 | Gabion mat T 90
scouring . .
2 | 108+154 Brldg_e fqundatlon 90 (Gabion mat T 54
scouring _
3 | 1554785 Brldg'e foundation 90 Gabion mat T 248
scouring . .
4 | 170+952 | Bridge foundation| 4 | Gabion mat T 369
scouring
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4.6 Rough Cost Estimate

4.6.1 Construction Quantity

The six routes have fifty-five (55) disaster critical spots in total. Construction quantities for
the critical spots are estimated based on countermeasure types. A list of construction

quantities is shown in Table 4.6.1.

Table 4.6.1 Construction Quantity

(1)Surface drainage |Crest ditch 0.5%0.5 1:1 m 670
Berm ditch U-0.3x0.3 m 2,355

Toe ditch m: 715

Vertical ditch U-0.320.3 m 613

(2)Horizontal Horizontal drain hole [PVC PIPE £0.04 m 400,
(3)Vegetation Seed spraying with pump m? 30,754
Seed-mix spraying with a gun m? 0

(4)Structure Shotcrete t=10cm m’ 53,879
Sprayed concrete crib - m’ 0

Concrete block crib m? 0

Gabion mat m’ T70

(5)Structural Stone riprap wall m’ 0
support Gravity-type retaining wall m’ 0
Gabion wall m’ 2,440

T-shaped retaining wall m’ 2,108

Prevention, piles m 0

Foot protection with stone riprap m’ 0

Foot protection with concrete m’ 0

(6)Earth work Removal m’ 11,087
Rock cutting m’ 50,017

Rock pre-splitting Rock blasting m’ 111

Soil cutting o 79,344

Embankment o 52,241

(7)Rockfall Prevention net m’ 64,130
preventione dvice  [Prevention fence i 0
Barrier with gabion mat m’ 308

Barrier with concrete wall m’ O

(8)Anchoring Rock bolt each 0
(9)Riverbank Concrete revetments m 0
protection Gabion mat n’ 1,958
Stone riprap with mortar m’ O

(10)Abutment and  |Gabion foot protection m’ i
pier protection Sheet-pile toe wall m’ 0
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4.6.2 Unit Cost

As MTI has no estimates of classification items for construction work, the estimates of unit
costs for construction have been got from four private local construction companies in
Nicaragua. However each unit cost based on the estimates was discussed in and decided by
MTI. And each unit cost was averaged. As some work items have no market price due to lack
of experience in Nicaragua, unit costs for some works are estimated based on the Japanese

‘market price. A list of unit costs is shown in Table 4.6.2.

Table 4.6.2 Unit Costs
{1)Surface drainageiCrest ditch 0.5x0.5 1:1 m 65.12
Berm ditch U-0.3% 0.3 m 4949
Toe ditch m 60,78
Vertical ditch U-03x03 m 49.49
(?:‘i’::g‘;m' Horizontal drain hole PVC PIPE $004 | m 27.00
(IWVegetation Seed spraying with pump m? 6.05
Seed—mix spraying with a gun m? 814!
(4)Structure Shotcrete t=10cm m? 48.30
Sprayed concrete crib m? -
Concrete block crib m? -
Gabion mat m’ 43.67
(5)Structural Stone riprap wall m? 66.91
support Gravity—type retaining wall m’ 120.10
Gabion wall m? 14397
T-shaped retaining wall m® 424 24
Prevention piles m* -
Foet protection with stone riprap m® 66.91
Foot protection with concrete m® 391.25
(6)Earth work Removal m® 5.87
Rock cutting m’ 92.83
Rock pre—splitting Rock blasting m® 109.50
Soil cutting m’ 5.93
Embankment m? 14,704
(7)Rockfall Prevention net m’ 33.65
prevention device |p.oe o fence m2 —
Barrier with gabion mat m® 5749
Barrier with concrete wall m?® 625.13
(8)Anchoring Rock bolt each 218.25
(PRiverbank Concrete revetments m? 380.20,
protection Gabion mat m’ 97.49
Stone riprap with mortar m? 66.91
{10)Abutment and |Gabion foot protection m’ 43.67|
pier protection  igpeet—pile toe wall m? -
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4.6.3  Rough Cost for Each Objective Road
Rough costs for each objective road are shown in Table 4.6.3 to Table4.6.10.

Table 4.6.3 Construction Cost of Countermeasure for Slope Damage on NIC.1

60.9 | Rock-fall Barrier with gabion wall + T 440(m) 253

2 73.2 | Rock-fall Prevention net T 7,000 236
3 168.4 | Rock-fall Prevention net T 19,703 812
4 168.6 | Rock collapsing | Prevention net T 5,363 315
5 169.8 | Rock collapsing | Prevention net T 6,466 364
6 170.7 | Rock collapsing | Recutting + Shotcrete P 15,242 1,772
7 171.3 | Rock collapsing | Recutting + Shotcrete . P 8,754 639
8 175.0 ; Rock collapsing | Recutting + Shotcrete P 2,252 184
9 176.2 | Rock collapsing | Recutting + Shotcrete . P 4,988 385
10 178.7 | Rock-fall Prevention net T 7,760 456
11 187.3 | Rock collapsing | Recutting + Shotcrete P 2,540 197
12 204.7 | Rock collapsing | Prevention net T 2,217 125
13 214.7 | Rock-fall Recutting + Shotcrete P 1,935 175
14 232.5 | Rock collapsing | Prevention net P T 3,695 208
15 2337 Rock-fall N vaans, - Suriace drainage | | g 407 116
16 235.6 | Rock-fall Recutting + Shotcrete . P 1,389 152
Total 6,389

Note: E; Emergency countermeasure, T; Temporary countermeasure
P; Permanent countermeasurc

Table 4.6.4 Construction Cost of Countermeasure
for Bridge Foundation Scouring on NIC.1

Bridge Toundation : :
1| 113+190 scouring Gabion mat T 252 25
2| 135+640 ggﬂ%ﬁlgf"““da“‘m Gabion mat T 18 2
3| 150+330 | c08C foundation | Gabion mat T 666 65
4| 151+850 | gridge foundation | Gabion mat T 117 12
5| 226+800 | Bridge foundation | Gabion mat T 41 4
6| 233+245 | cec Toundation | Gabion mat T 18 2
Total 110
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Table 4.6.5 Construction Cost of Countermeasure for Slope Damage on NIC.3

1 3.9 | Rock collapsing | Recutting M 1,046 70
2 6.9 | Rock collapsing | Recutting’ P T 1,369 91
3 7.4 | Rock collapsing | Recutting ¢ T 1,049 35
4 22.1 | Rock collapsing | Recutting P T 5,287 177
5 32.7 | Rock collapsing | Recutting + Shotcrete ' P 1,836 174
6 32.9 | Slope damage Recutting + Embankment PP
+Counterweight i 3,460 670
+Vegetation _
7 35.2 | Debris flow Dam i P 100(m) 429
8 35.9 | Slope damage Recutting + Embankment . P
+Counterweight : 4,352 248
+Vegetation i
9 38.9 | Slope damage | Recutting + Embankment | P
+Counterweight : 4,526 191
+Vegetation 5
10 39.4 | Slope damage | Recutting + Embankment  : P
+Counterweight : 284 30
+Vegetation i
11 40.0 | Rock collapsing | Recutting + Preventionnet | P 2,272 133
Total _ 2,248 |

Table 4.6.6 Construction Cost of Countermeasure
for Bridge Foundation Scouring on NIC.3

i

119+050 | Bridge :
19+05 foundation Reconstruction wing wall
scouring

Table 4.6.7 Construction Cost of Countermeasure for Slope Damage on NIC.5

1 _ éi;utung ' '
24.6 | Rock-fall/collapsing | drainage T 55,600 744
+ Vegetation

i 1 Debns ﬂow Gablonwall HRediia T 100 _ 58
2 11.7 | Debris flow Gabion wall T 70 40
3 11.1 |Debns flow Dam P 65 279
4 9.9 | Debris flow Dam . P 45 193
Total 570
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Table 4.6.9 Construction Cost of Countermeasure for Slope Damage on NIC.26

1 ) ock-fall/collapsing | Recutting T 56
2 12.7 | Rock-fall/collapsing | Recutting . T 2,724 115
3 19.9 | Rock-fall/collapsing | Recutting P T 6,683 446
4 20.9 | Rock-fall/collapsing | Recutting (T 1,595 121
5 24.7 | Rock-fall/collapsing | Recutting + Shotcrete : P 2,050 159
6 29.3 | Rock-fall/collapsing | Barrier with gabion . T 77 (m) 44
7 29.8 | Rock collapsing Prevention net DT 956 52
8 33.6 | Rock-fall/collapsing | Recutting + shotcrete . P 780 60
9 34.0 | Rock collapsing Recutting C T 2,472 161
10 34.2 | Rock-fall/collapsing | Recutting + shotcrete » P 9,641 748
11 37.0 | Rock collapsing Prevention net P T 2,226 131
12 45.5 | Rock collapsing Prevention net . T 6,472 364
Total 2,527

Table 4.6.10 Construction Cost of Countermeasure
for Bridge Foundation Scouring on NIC.26

1} 107+533 scouring Gabion mat T | 90

5| 108+154 g:%ﬂ%% . foundation | Gabion mat T 54

3| 155+785 | gncge  foundation | Gabion mat T 248 24

4| 170+952 g:rég%f;l . foundation | Gabjon mat T 369 36
Total 74

4.6.4 Total Cost

Total rough construction costs for each road are shown in Table 4.6.11.

Table 4.6.11 Total Cost of Each Route

NIC. 1 6,499
NIC.3 2,251
NIC. 5 744
NIC. 15 570
NIC. 24 0
NIC. 26 2,601
Total 12,665
US$1=C$13.9 '
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