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17.4

17.4.1 Condition of Countermeasure Selection

B Condition of Falling Stone

Selection of Countermeasure for Slope Disaster

Of the 30 disaster prevention spots, 19 spots consist of slopes, of these 19 spots, 14 were

sampled for drawing up countermeasures of the falling stones.

These 14 spot are then divided into 9 groups using factor of height, angle, and degree, slope.
(See Table 17.3.8, 17.4.1 and Table 17.4.2).

Moreover, stone size is decided by referning the characteristics of slopes {See table 17.3.8).

Tablel7.4.1 Condition of Fallen Stone

. Condition of Fallen Rock
DNo Slope Gradient| - .
' (4e3%) | Siope Height(my | PRI | i ofRock | KindofRock | Demsity(ums) | oionto the Volume
{degree) Density (t/m3) # (m)

NOOLAZSO | 45~52 10m*1.0m*0.6m | Andesite TB 25 26 150
NOO1AZ40 |  45~57 10m*10m*0.8m | Andesite TB 25 26
NOOIB230 |  40~65 30 T 200*15t%0.5m | Andesite HB 25 26 1.50
NOOIBITO |  42~70 ‘ ; 20m*L5m*0.5m | Andesite IB 25 26
NOOIB150 |  50~90 2.0m*15m*0.5m | Andesite IIB 25 26
NOOIBIZ0 |  50~70 50 70 20m*L5m*0.5m | Andssite IR 25 26 1.50
NoosB400 | 33~00 2 20m*LSm0Sm | Tuff OB 17 26 150
NOOSE3T0 | 45~%0 3: % '_ 20m*L5m0.5m | Tuff OB 17 26 , 150
NOOSEITD | 45~62 o ) 20m*15m0.5m | Tuff OB 17 26 _i.__sn
NOCSAOI0 | 41~48 a0 50 20m*15m*0.5m | Andesite TR 25 26 1.50
NOGADED | 53~G3 : S Lom*Lom08m | Tef OB 17 26 wn
NO26B140 |  50~60 ) 60 20m*L5m*0.5m | Tuf OB 17 26 150
NO6AIS0 | 48~70 50 % 20m*L5m*0.5m | Tof LB 17 26 1.50
NOGBI60 |  53~70 : 10m*L0m*0.8m | Toff LB 17 26 . 'LU(}

2) Calculation of Jumping Height and Rolling Distance

The calculation of jumping height and rolling distance is carried out based on the condition of

fallen stone as shown in Table 17.4.1. The purpose of calculating jumping height and rolling

distance are as follows:
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¢ Jumping Height: To select appropriate countermeasures for falling stone.
® Rolling Distance: To assess whether or not a change of alignment, or widening of the shoul-

der is needed countermeasure to prevent falling rock from entering the carriageway.
The results of the above calculations are shown in Table 17.4.2 and Figure 17.4.1. Calcula-
tions are based on simulations carried out for each 9 case for a total of ten times. As for the

model used for the simulations, it is contained in the design manual,

Table 17.4.2 Jumping Height and Rolling Distance Calculations

ID No. Range of Jumping qf ‘The ainth value |Range of Rolling gt} The ninth value f (@ Stope H ) | Stope G(des)
NO26A060 _ .
0.73-2.88m 2.85m 0.40- 268 261m 100 200 0.0
NO26A160 :
NOO1AZ40 1.05-3.44m 2.72m 0.38 -3.9Tm 2.95m 1.50 200 50.0
N0D1AZ90 :
\B3@m | 29%m 0.40-2.67m 057m 150 200 500
NO05A010
NOO3B400
WC0IB370 1.16-433m 3.27m 0.39 - 4.50m 3.04m 150 200 60.0
NOG3EL70
NO26E140 1.28-4.45m 3.78m 0.45 - 4.00m 3.20m . 1.50 400 60.0
NOUIB150 1.67 - 6.14m 5.08m 073-5.12m 477m 1.50 200 700
NODERI30 154 -7.70m 631m 0,52-7.80m 6.88m 1.50 300 700
. NOGB170 1,57 - 14.36m 6.77m 1.05 - 14.17m 743m 1.50 42,0 0.0
NOOIB120
1.89 - 14.65m 10.82m 0.56 - 12.15m 6.97m 1.50 30,0 70.0
NO26A150

As for the values for jumping height and rolling distance, it is derived from many factors,
such as the condition of the standing crop, slope structure (unevenness), slope strength {reac-
tjon), etc. Therefore, it is a value that is difficult to calculate and fix it as a constant.

Therefore, as a verification method, the second largest value (or g value) and the maximum
value (or 10" value) for rolling distance and jumping height are compared. If the 10th value is
much large than the 9" value, it is considered to be or outlier observations, and disregarded.
In that case the 9% value is adopted, while in other case, the 10% value would be adopted.

3) Allowable Range of Countermeasure for Rolling Stones
When a countermeasure is selected, the size of the falling stone that it can cope with and ease

of maintenance are important factors to consider. Based on this, the size of protection walls
and prevention nets can be decided.
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a)

Required Dimensions for Protection Walls

The energy of falling stones was calculated and the necessary structure of protection walls

examined for each disaster prevention spot. The results of the examination are shown in Table

17.4.3 and Table 17.4.4.

Table 17.4.3 Structure Required for Protection Wall

Size (m)
Type

h bl b2 Nf Em (KJ)

by A 2.00 0.50 1.50 0.50 8.94

B 2.50 0.75 2.00 0.50 21.01

* C 3.00 1.00 2.50 0.50 40.90

D 3.50 1.25 3.00 0.50 70.21

1:Nf h E 4.00 1.50 3.50 0.50 110.41
F 4.50 1.75 4.00 0.50 163.21

G 5.00 2.00 4.50 0.50 229.76

¥ H 5.50 2.25 5.00 0.50 310.77
i 1 6.00 2.50 5.50 0.50 406.73
i) 6.50 2.75 6.00 0.50 518.11

Em: Allowable Absorable Energy

Table 17.4.4 Relationship between Type of Protection Wall & Natural Conditions
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b) Required Dimensions for Prevention Net

Dimensions for prevention nets, as in the case of protection walls, were examined for each
disaster prevention spot. The results of this examination are shown in Table 17.4.5. As for
maximum capacity, this is calculated using the formula shown in the design manual.

Table 17.4.5 Required Dimensions for Prevention Nets
Ropef12 Meshf2.6

ID No. Net Data Rock Data Slope Data
Mnin Rope | Auxiliary Rope} Wire Mesh | Maximum Cepacity}]  { (m) W (kN) | Slope H (m)Elope G (deg.’
N0O26A060
. =1. 1. . . .
NOZGA 160 f12 f12 f2.6 n=1.0 00 13.61 20.0 70.0
NOO1A240 f12 fl12 2.6 NG 1.50 45.92 20.0 50.0
NO01A290
O0SA0I0 f12 f12 2.6 NG 1.50 45.92 40.0 50.0
NO03B400
NOO3B370 f12 f12 f2.6 NG 1.50 45.92 20.0 60.0
NOO3E170
NO26B140 f12 12 £2.6 NG 1.50 45,92 40.0 60.0
NOG1B150 f12 fl12 2.6 NG 1.50 45.92 20.0 70.0
NO01B230 fi2 fl2 f2.6 NG 1.50 45,92 30.0 70.0
NOO1BI170 f12 fl2 f2.6 NG 1.50 45.92 40.0 70.0
NO01B120
. 1. . . .
NO2GATS0 fl2 12 f2.6 NG 50 45.92 50.0 70.0
Rope f 18 Mesh f4.2
ID No. Net Data Rock Data Slope Data
Main Rope | Auxiliary Rope| Wire Mesh { Maximum Capacity] f (m) W (kN) | Slope H (m)Blope G (deg.
NO26A060
NOZ6A 160 f18 f18 £4.0 n=6.0 1.00 13.61 20.0 700
NOO1A240 f18 f18 4.0 n=1.0 1.50 45.92 20.0 50.0
NOO1A290
8 . =] . R . s
NODSADI0 fi8 f1 4.0 n=1.0 1.50 4592 40.0 50.0
NOO3B400
NO0O3B370 fi8 f18 £4.0 n=1.0 1.50 45.92 200 60.0
NOO3E170
NO26B140 f18 f18 4.0 n=1.0 1.50 45.92 40.0 600
NO01B150 fl8 f18 4.0 n=1.0 1.50 45,92 20.0 70.0
NOO1B230 f18 f18 f4.0 n=1.0 1.50 45,92 30.0 70.0
NOO1IB170 fl8 f18 f4.0 n=1.0 1.50 45.92 40.0 70.0
NOO1B120
NO26A130 f18 f18 f4.0 n=1.0 1.50 45.92 50.0 70.0
4) Calculation of Minimum Required Distance to Roadside Obstacles

As mentioned in Chapter 16, there are a few spots where the sight distance for a road is poor
due to such things as an overhanging slope. In such cases, safety can be improved by elimi-
nating the overhang. At spots where sight distance is a problem, such countermeasures may
be required to achieve the sight distance needed. Required stopping sight distance is set at
85m based on design speed and the adopted geometric standards. The required minimum dis-
tance to roadside obstacles to ensure that stopping sight distance is realized is calculated as
shown in the formula below.
Calculation Method of Widening
E = D¥8Ra E: Required Distance to Nearest Roadside Obstacle from Centerline of
Inside Lane of Curve (m), D: Sight Distance=85 (m), Ra: Radius (m)
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Table 17.4.6 Results of Survey on Distance to Roadside Obstacles

ID No. Radius (my) [Carriageway Width (m) Existing E (m) |Required Space {(m)| Judge
NO01A290 1600 7.7 8.49 0.6 OK
NOD1A280 400 75 548 2.3 OK
NOO1A240 250 7.1 4.40 3.6 0K
N0O01B230 150 7.5 6.29 6.0 OK
NOO1B170 180 8.7 2.22 5.0 L NG
NOO1B150 290 8.6 4.10 3.1 OK
NOOIB120 220 8.8 2.22 4.1 NG
NOO3B400 220 7.3 4.65 4.1 Ok
NOO3B370 400 6.5 3.69 2.3 OK
N0O3B320 240 6.8 6.49 38 0K
NOO3B230 140 7.6 3.61 6.5 CUONG
NODSAOILO0 1800 8.1 342 (1] 0K
NO26A150 150 6.6 5.40 6.0 NG

17.4.2 Countermeasure for Shifting of Road Alignment

One of the countermeasures to avoid the effects of falling stones is to shift the road alignment.
The workflow for this countermeasure is as shown in Figure 17.4.2. '

Calenlation of
influence range of
Rolling Stone

Is &t possible to
ansitive the shift
distance of ¥)7

Does it avoid the inflyence
range of the falling stone,
and ¢an it plan a aliznment?

The countermeasure Ts a falling stone Is it possible to protect
execution of the {arget more than a by the removal, fix and
gloge . dismater S0rm? prevention net?
Installation of Gabion or v
Protection Wail. Calculation of Rolting - Removal of Loose Stone
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ket width for falkin,
pyt
>
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A 4
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Figure. 17.4.2 Flow of Countermeasure of Road Alignment Shift
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Based on the examination of countermeasures in Sub-section 17.4.1 on falling stones, pre-
vention nets should be sufficient to deal with this problem. Therefore, the expensive and
time-consuming countermeasure of shifting a road alignment is not carried out. However, the
geometric condition of road alignments are examined to see if they satisfy the standard value
for minimum curvature. As shown in Table 17.4.7, only NOO3E170 does not satisfy minimum

‘requirements.

Table 17.4.7 Curvature Radius of Each Spot

D No. Min?tRmalg?:: (m) Existing Radius (m)] Range of Rolling Qt.
NO01A290 135 - 1660 1.0
NO01A240 : 135 250 1.0
NOOIB230 135 150 _ 6.9
NOOIB170 135 180 7.4
NOOIB150 135 290 5.1
NOOIB120 135 220 . 7.0
N003B400 135 200 3.0
NOO3B370 135 400 3.0
N0O3B320 135 240 -
NOO3E!70 135 L4 3.0
NOO5AOIO 135 1800 1.0
NO26A060 135 oo 2.7
NO26A140 135 250 4.0
NO26A150 135 150 7.0
NO26A160 135 co 2.7

The results of the examination of alternative routes for NOO3E170, in order to avoid the ef-
fects of falling rock, are shown in Figure 17.4.3 and described in Table 17.4.8.
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Table 17.4.8 Alternative Route Comparison for NOO3E170

Safety from debris flow and falling
stones is secured via curve widening,
although, the cwrve radius does not
Existing | R=45m { I=79% - 310 satisfy geometric design ‘standards.
On the other hand, construction cost
is the most economicat.

@,

Safety from debris. flow and falling
stone is secured. However, the curve
radius and vertical grade do not

Earth Work: 106m

Embankment : . .
Route 3 satisfy geometric design standards.
A R=65m | 1=14.3% (6,500m’) 2 1,774 Also,yconstruction cost ig the high-
Pavement: 912m est. Because of this, it is inferior to
Br : 97m (805m2) the other alignments.
X
Safety from debris flow and falling
stone is secured. However, the ver-
tical grade is larger than the standard
Ezg:n‘kfz;;: 120m value%l-presentingg a problem to the
Route hill climbing ability of large vehi-
g | R-135m| I-14.8% | (5,000m’) 5 1,649 cles. Moreover, construct.i(g)n cost is
Pavement: 1!03221“ also high. Therefore, this alignment
Br: 93m (770m’) is relatively inferior both in terms
of economics and geometric design.
A

*) Standard Max. Vertical Grade: 8.0%

17.4.3 Final Selection of Countermeasure

The final countermeasures adopted for each spot are shown in Table 17.4.9.
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Table 17.4.9 Final Countermeasure Selection (1/4)

Exudation of] Composite rock of [ partly corre—|{There are many surface omis— - Protection of Falling|—- CW
Spring Water Andesite (hard|sponds to  dip{sions. Stone - Gw
rock) slope. Andesite has some cracks. — Surface Drainage - PN
Welded. Tuff Wethering zone is depth 1m. )
NOD1A290 RF. J0 78 A5-52 20-40m i1, (soft rock) Road sholder has enough No — NP NP NP - GW +LSR+SD
width,
There is Collapsed soil  offUnknown There are sliped criff at two — Slope Stability -R
steady spring| Tuff {fractured points. — Surface Drainage -GD
water at| . zone} The depth 2m of tuff weath— . )
NOO1A280|  RF. 78 g4  [eishtpoints. | 4575 | 7-tim ers. Yes |Migh Water (Rainy Sea=| NP NP - PN +8D
There is a steel tower. son) 0.97
Exudation of Breccia Tuff Unknown There are many falling rocks. - Protection of Falling|- CW
Spring Water (middie hard rock) Andesite is a block—shaped. Stone -GW
Tuff {soft rock) Tuff has many crack to the -PN
NoO1A240|  RF. 84 84 45-57 | 12-18m |10P part: hard rock depth 4m. No — NP NP NP -PN
Lower part: soft +L8R
rock : ’
Exudation of Top part It corresponds to|There are many falling rocks. - = Protection of Fallingj— CW
Spring Water andesite (hard{undip stope. The lower part is conposed of - Stone - GW
rock) The crack is bigjthe soil to depth 1m, and it ‘ ' -~ PN
: Lower part and the stone is|wheters to depth 4m. ’ : )
NOD1B230|  RC. 72 75 40-85 | 13-33m |Tuff  (fractured|partly loose. No - NP NP - NP - PN ‘ +LSR
. zone)
Exudation off Top part The crack is big,{There are many falling rocks. |- Protection of Wether—|— R (Top part)
Spring Water| andesite thard|and the stone isiThe lower part is conposed of ing - SF+3
at two points rock} partly loose. tha soil to depth 1m. Set back of ) - R+CF
NOO1B170 R.C. 78 a1 42-70 13~-41m |Lower part No —_ 3m is neces— NP NP - R+S
Tuff (fractured ) sary. : +LSR+SD
zone) ’
Exudation of Top part The corack is big,|The possibility of the falling . ~ Protection of Falling|- R
Spring Water Andesite (hardiand the stone is|stone is high by overhang. Stone : - SF+8
at two points rock) partly loose. Internal structure is stable. - Protection of Wether—|— R+CF
Lower part : ) ing
NOO1B150 R.C. 76 79 50-70 7-13m  |Breceia Tuff : No - NP NP NP © |- RS : _ +L.SR+SD
Exudation off - Compasite rock of {The crack is big|There are many surface omis— . ' ~ Slope Stability — R (Top part)
Spring Water| Tuff thard rock) and the stone isjsions. — Protection of Wether~j— SF+8
at two points Tuff (soft rock) partly loose. Weathering of tuff is fast. ' Set back of ing - R+CF
NO01B120 R.C. 74 76 in rainy sea—] 50-75 | 17-50m |Fractured zone Fractured zone wethers to the No — Imisneces=1 = NP B NP - R+S — Countermeasure  of|
son . |Intrusive rock core. : sary. . : Spring Water +LSR+SD
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Table 17.4.9 Final Countermeasure Selection 2/4)

B
Thers js steady Tuff The crack is big|Tuff is composed of the soil to ~ Protection of Wether—|
spring water at (soft stone) and it s partly|the depth 3m. ing
two points. topring. Subsewuently is conposed of
0038400 R.C. 72 75 33-48 8-18m wethering zone, too. No — NP NP NP - R+LSR
A slope is in the stable, except +SD
for the lower vertical part of
the slope.
No spring water Tuff The crack is big|Wethering zone of the lower - Slope Stability - R (Top part)
(soft stone) and it is partly|part is less than 1m. _ - Protection of Wether—(~ SF+8 ,
003B370 RC. 80 20 45-53 8-18m topring. No — NP NP NP - RtLSR |ing - R+GF
+8D
There is steady Tuff Weathering is re—|A hotel is building it at the top — Slope Stability - CWetV
spring water at (fractured zone) |markable. of the slope. - Countermeasure of|— CW+V
two points. The possibility that a water Spring Water
' _ _ pipe is laid under the slope is _ Avoidance of influ- | _ - +GDHSD
NO03B320 RC. 74 76 48-175 7-9m high. No NP NP ence to the HOTEL R
There is steady Top part The fractured zone|There Is drainage (Detch) on Slope — Slope Stability Cut Area
spring water at Tuff (soft rock,(|of tuff is 5.5m|the lower part of the slope Heavy Rain: 1.01 - Protection of Wether—|- R+CF+V
two points of fractured zone} |depth. side. Mitch: 0.79 ing - GD+HV
embankment. Lower part There is a sliped|There is some crack on the ~ GCountermeasure ‘of
Tuff (hard rock,|criff. road shoulder of embankment Slope including road Set back of _ Spring Water +Sh
N:48-60 | N:8-16m |middle hard rock) side. Heavy Rain: 1.17 . _ National Park :
N003C230 S.5. & 73 B38 B20-25m Yes Mitch: 1.02 3m l:ar;zces NP {Renaturation} \R;+RE+CW+ Embankment Area
) — Cwe
Embankment ’ — CWe+CW
Rainy Season: 1.44 :
(CWe) +8DHV
Heavy Rain; 1.00(CWe) .
No spring water Top There is a collapsed|A weathering zone is depth - Slope Stability Cut Area
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NOO3E170{ DF. 83 | 83 4562 | 10-22m iﬂne) " Thera is a small calvert. No — - pmzzﬂ‘enteoﬁhe ot ot e |- D +8D
: ower pa
Tuff pert (soft alignrrfent is de— Debris Flow Area
rock fractured sirable. -NR
zone) - D
Though there is Slope side There is a sliped|There is a water way under Slope . _ - Slope Stebility . |Cut Area ]
ustsally no Tuff  (fractured|criff on the slope. [the embankment. Rainy Season: 0.94 — Countermeasure of|~ R+Collapsed Soit
spring  water, zone) There is a calvert. Spring Water Removal
there is it in Road side Slope including road - R+GD
the embank— Tuff (fractured Rainy Season: 1.14 Avoidance of influ— | _ -
ment from the] N:48-50,| N:13-29m, [zone) ) Heavy Rain: 1.02 ence to the coffee +
' ' Y, —_ NP R+RE+CWH+
NOO3CTS0) - S.S. 90 | 90 |iep at the time] B35 | B:30-40m es field on the top of |1
of & heavy rain. Embankment slope. Embankment Area
Rainy  Season.. 1.14 - Cwe
{CWe) ~ CWe+CW
Heavy Rain: 1.01(CWe)
+SD+Y
Though there Slope side There is a slipe criff| There is a water way under Slope including road — Slope Stability . {Cut Area ]
was no espe— Tuff  (fractured|on the slope. the embankment. Rainy Season: 1.40 - Countermeasure of{— R+Collapsed Soil
cially con— zone} There is a charch on the top Heavy Rain: 0.99 Spring Water Removal
spicuous spring Road side of slope. (inside of rock) - R+GD
water, a water Tuff (fractured There is many crack on the Embankment Avoidance of influ—|
way was con—} N:45-60, N:6-9m, |zone) - road sholder. Rainy Season: 1.18 - -1 ence to the coffee +RE+CWe +SD
N0030T40 S:8. %0 % \fimed in the| B30 B28m Coffee is grown under the Yes (CWe) NP field under the \R; W
rock. : embankment. Heavy Rain; 0.99 (CWe) embankment. Embankment. Area
' - Cwe
- CWe+CW
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There is steady
spring water at
eight points,
and water vol—
ume increases
in  the rainy
season.

NOGSAD10 RF. 76 80 41-48

23-38m

Top part

Talus

Lower part

Tuff (soft
rock fractured
zone)

Unknown

Table 17.4.9 Final Countermeasure Selection (3/4)

- Electric line
- Ditch on the slope

Adopted Back Analysis (1)

Cut of 40° (Rainy Season); 1.10
Cut of 40° (Heavy Rain): 1.00
Cut of 35° (Rainy Season): 1.21
Cut of 35° (Heavy Rain): 1.12

Yes NP

Refer Value : Back Analysis (2)
Cut of 40° (rainy Season); 1.10
Cut of 40° (Heavy Rain): 1.02
Cut of 35° (Rainy Season): 1.12
Cut of 35° (Heavy Rain): 1.10

NP

Avoidance of ground
water lowering of
embankment side.

- R+SF+V

gt et L
- Slope Stability
- Protection of Falling
Stone

- Countermeasure of
Spring Water

- GD+SF+8
- R+CF+GD

+SD+PD

Table 17.4.9 Final Countermeasure Se

lection (4/4j
¥5 ﬁ

IN THE REPUBLIC OF NICARAGUA -

Exudation off Most is Tuff (soft|tinknown There are many falling stones ~ Protection of Fallingj— SF+5
Spring Water| rock fractured and loose stones, Stone - SF+CF
from crack zone). It is already stabls. - Protection of Wether—|
The near  of . ing +8D
NO26A060 RF. 70 78 53-63 9-14m sholder is Ande- No - NP NP NP - R+S
’ site (soft rock).
Thera is loose
stone in  thel
whole.
There is steady| Tuff {soft|The crack is big|Large scale stone falls in the Existing ~ Slope Stability - R+
spring water at| rock.fractured and a direction isn't|fractured zone. Rainy Season: 1.00 — Protection of Falling GD {fractured zone)
two points of] zone) fixed, B8m of the lower part is com— l.ow water level: 0.95 " |Stone - GD+SF+8
fractured zone, It is partly frac— posed of granule. Avoidance of ground
. tured zone. There is the record of the After excution . : +SD+PD
N026B140 R.C. 80 80 50-60 11-33m (W=50m) large~scale collapse at the Yes Rainy Season: 1.27 NP NP water [owermg. of -R
time of the heavy rain. Heavy Rain; 1.02 embankment side.
Exudation of] Compesite  rock|The crack directionfThere is the record of the — Slope Stability Continuation of B140
Spring Water of isn't fixed. large—-scale disaster at the -~ Protection of Falling
Andesite, Tuff, time of the Mitch. Stone
Agglomerate Set back of
NO26A150 R.F. a5 87 48-70 18-56m  [The whole is No — 1m is neces— NP NP - R+S
alteration zone. sary.
There is steady; Composite slope|lt  corresponds to|— School zene — Protection of Falling|— CW
spring water at| of dip slope. - Bus stop Stone ~ GW
two points. Andesite, Tuff|The crack is big, -PN
NO26B160 | RC. | 86 | 86 53-70 | 11-z2m  |oreCCR and it is partly to- No — NP NP NP - PN
. . It doesn't have|pring. +.8R
effect to cut
because it s
close to the core.
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17.5 Preliminary Engineering Design for Bridge Foundation Scouring
17.5.1 Bridge-Related Factors that Affect Bridge Foundation Scouring

When a bridge pier or abutment is placed in the middle of a river, the sectional area for river
flow decreases and is therefore constricted. As a result of this obstruction, water level around
the upstream side of a pier rises and the water level around the downstream side of a pier de-
creases. This produces extremely complicated flows around the pier that contribute to scour-
ing (see Figure 17.5.1). That is, a vertical downward flow generates a whirlpool that whips up
gravel on the riverbed. The whipped-up gravel is then carried to the downstream side of a pier
by opposing horizontal flows; thereby producing the phenomenon of scouring. The main
bridge characteristics that greatly impact on river flow, scouring, and revetment decay are as

listed below.

a) Shape of pier (shape, width, angle)

b) Abutment and revetment in front of abutment

¢) Ratio of area of pier and revetment in front of abutment to the sectional area of river flow
(i.e., ratio of obstruction)

d) Distance between front of
abutment and pier, distance

between piers (span length), J\
: Pier _

free space under beam

Upstream : Downstream

i

preventative measures for

¢) Condition of revetment and :j> [ :
river scouring {whether or N
not to- carry out) : e
) Characteristics of river chan-
nel (slope, width, condition of /_>

riverbed, etc.)
g) Position of bridge (relative to

river width and position of \
river channel)

h) Others (year of bridge ergc— Figure 17.5.1 Change in Flow Caused by Pier
tion, bearing stratum, founda-

Pier

tion type, past history of dis-

asters, etc.)
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1) Shape of Pier, Obstruction Ratio of River

a) Shape of Pier
Water flow, pier width, the direction of water flows, and the sectional form of piers determine

the amount of scouring that will occur.

> Effect of pier :
Assuming water flow is constant, the wider a pier is the greater the effect it will have.
» Effect of the angle at which the flow of water meets the longitadinal axis of a pile
An example of the effect of the angle at which the flow of water meets the longitudinal axis of
a pile is as follows: _
The amount of scouring in the case of a 10° angle would be greater than that
in the case of 0° angle, with scouring occwring at the position more down-
stream to the upstream head of the pier. In the case of a 20° angle, scouring
would be greatest at the upstream head of a pier, with the range of scouring
tending to widen greatly. Note that the greater the angle at which the flow of
water meets the longitudinal axis of a pile the larger the amount of scouring

that will occur.

- Crossing angle

- - A
3
\
AN
» Effect of Shape

The comparison of the amount of scouring that results from differences in pier shape, which
was researched by Laursen, is as described in Table 17.5.1. This table assumes that the direc-
tion of water flow is the same as that of the pier axis. As the results of the table indicate,
scouring depth tends to become shallower when the sectional form of a pier is rectangular
than if it is a semicircular. Moreover, scouring for a semicircular pier would be less than that

River flow

P

of a pier elliptical in shape.

On the other hand, when the direction of water flow is not the same as that of the pier axis, the
effect of the angle between pier and water flow becomes greater and the sectional form of a
pier more important (Figure 17.5.2). Therefore, in the case of the natural river like in Nicara-

gua, a semicircular or cylindrical pier seems more appropriate.
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In the case of a pile-bent-type pier and rigid-frame pier, driftwood is easily snagged, resulting
in a greater obstruction to the river and more complicated water flows. Especial}y, the pile-
bent-type pier will generate whirlpool flows during flooding that will produce abnormal
scouring around piers and appropriate countermeasures should therefore be taken. In the case
of a rigid-frame pier, it is advisable to make the sectional form unity by installing a screen

bulkhead (Figure 17.5.3).

Table 17.5.1 Correction Factor Concerning Front-end Shape of Pier

Shape of Front  Ratio of length to width | MK 3
Rectangle ‘- 100
Semicircle ‘v 6. 90
Oval 251 4- 9. &0

3.l “' 5. 75

L1 ‘
Lens-shaped . z 0. 80

371 LN EH
r{{/r - o =

H

7
?ﬁ‘/ﬂ Flow Direction , i “’//%
. )

s Riverbed % Poapsey
v GRS : o

Figure 17.5.3 Installation of Bulkhead

Figure 17.5.2 River Flow & Pier Shape
(When Flow and Direction of

Pier Axis Different)
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b) River Obstruction Ratio
The river obstruction ratio is the ratio of the total sectional area of piers to the sectional area

of river flow at a 90° angle (see Figure 17.5.4). The bigger the obstruction ratio, the smaller
the sectional area for water flow, resulting in a constricted channel and quicker scouring due
to faster water flows. For bridges with a river obstruction ratio of 7% or more, substantial re-

inforcement against scouring is required.

3 HWL
) -
. L ) yoei”
™~ Loi 7
b Gk
l - - bi: Pile width
g Wh: river width with high water level

o Zbi.” B : Ratio of obstruction to river
Figure 17.5.4 Calculation Method for River Obstruction Ratio

2) Abutment and Revetment in Front of Abutment

In order to avoid the obstruction of river flows, abutments should not be constructed inside
the sectional area of river water flows. This means that it is advisable to locate abutments
outside of river revetments. If an abutment is located inside the sectional area of a river water
flow, or if the abutment sticks extends into the inner side of a river revetment (Figure 17.5.5),
the water flow will become chaotic and scouring will result around the pier.

Intersection line between

,,g Dike alignment N‘ - HW.L. and dike surface
o | : -
i S i River flow
i Suriace of the dike in the R
——— abutment : :

Ty \\ ; :
b \ i 7 ,ij r‘%g § i
AN e | |
NN
‘ ! NN —

Dike surface  / " \\ . T,

in the fiow e «—: " \\,M., / : R abutment
run : :

Figure 17.5.5 Case where Abutment Extends into River
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3 Distance Between Front-end of Abutment & Pier, Distance Between Piers
(Span Length), Free Space Under Beam

In the case of flooding, driftwood, collapsed houses, etc. can flow down and be caught at
bridges due to wnsufficient space. In such cases, not only abnormal scouring but overflows can
occur, leading to the decay of revetments and the back of abutments. Therefore, the following
two items must be in mind when designing a bridge.
a) distance between front-end of abutment and center of pier, or distance between centers of
piers (span length)
b) distance between bottom of bridge girder and flood water level

At the bridge which does not satisfy these 2 conditions, the possibility of trouble occurrence is

very high, and it is necessary to take substantial countermeasure in advance.

The following is the abstract of above-mentioned 2 points. Those numbers have been deter-
mined based on the observation and experiences over a long period in Japan. Except for the
plain in the side of Caribbean, the rivers in Nicaragua are characterized as short and steep, and
the rainfall is 1500-2000 mm. These natural conditions are similar to those in Japan. The cli-
mate zone of Japan is Temperate Zone, on the other hand, that of Nicaragua (except for plain
- along the Caribbean) is Savanna type. Although there is some differences in vegetation be-
tween 2 countries, there is almost no differences in the size of trees between 2 countries.
Therefore, there would be no big problem in Nicaragua if the conditions satisfied the follow-

ing numeric values.

However, it is important to collect and accumulate information concerning to these matters
and to figure out standard specific to Nicaragua from now on.

a) Distance Between Front-end of Abutment & Pier, Distance Between Piers

(Span Length)
Span length means the distance between the centerlines of adjacent piers inside a river chan-
nel. This distance is supposed to be measured on the river-crossing plane perpendicular to the
direction of flood streams (see Figure 17.5.6). Span length is determined by factors including
route importance, flow velocity, river width, ete. (see Figure 17.5.7).

b) Free Space under Beam

It is advisable to keep the distance shown in Table 17.5.2 between water level and the bottom
of a girder. Despite the fact that the numeric values shown in the table are only a guideline, it
is necessary to take much care for a distance of less than 0.6 m.
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Table 17.5.2 Free Space under Beam
Q (m’/sec) Q<200 200=Q<C500 500=Q<C2000 | 2000=Q<5000
e ace under 06 08 1.0 12

Lower part of the beam

v HWL

]

Free space under the heam

R AN

i Minimum distance

Minimum Minimum

m?“” distance T distance""’i

P

(a) span length of bridge

.-
i

S —,

(b) span length in case when abutment is built on
river bank or embankment

wonmeds FlOW
Direction

Span length -

(c) span length in case of skew bridge

Figure 17.5.6 Span Length
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Q : Water flow (m/sec) _ START
B : Width of the river (m)
L : Minimum distance

Yes

Q=2000m°,sec

Q=500m*,sec

No

L=B L=12.5m L=15.0m L=20.0m L=20+0.005Q

Figure 17.5.7 Minimum Distance Between Piers
and between Pier & Abutment(Span Length)

4) Condition of Revetment & Preventative Measures for River Scouring

Water flow, which becomes complicated due to the existence of a pier and/or abutment, can
have an adverse effect not only on the riverbed but on the revetment near the abutment as well.
For that reason, the position and size of a guard around a pier and/or front-end of an abutment
are important. It is advisable to satisfy the conditions shown in Figure 17.5.8 and Figure
17.5.9 when installing a guard. As for ‘prevenfative measures for scouring around piers, it is
advisable to satisfy the calculated values shown in 3),

5) Characteristics of River Channel(Slope, Width, Condition of Riverbed, etc.)

In order to properly evaluate the possibility of river scouring, it is also important to consider
the characteristics of a river channel. In addition to maximum flow and velocity derived from

| hydrological analysis, the slope of a water channel, width, etc. are also elements closely re- |
lated with river scouring. For that reason, it is important to collect data through a natural con-
dition survey (which is most effective rivers are at their HWL).
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High-water channel L,;,,-u— Ay L
3 YAV

LN % I

Flood channei

4 BT LK L

iE{ij i! Omil —-—"'25‘"-{
i._..__ Work

area

Figure 17.5.8 Distance of Guard to Protect around Bridge
L=minimum span length (m): minimum distance between abutment and pier, and between

piers based on procedure

-‘é‘l‘\—i
f~- 2 ”"“}il'—“
.

Figure 17.5.9 Size of Guard to Protect Riverbank below Bridge

6) Position for Bridge Installation

As descn'bed in 1) - 5) above, the existence of piers/abutments in a river complicates river
flow and causes scouring. Therefore, from the viewpoint of planning disaster prevention
measures for rivers, it is important to observe and record this i‘elationshjp and to grasp the cor-
relation between river characteristics (such as riverbed formation and soil composition) and
the scouring of bridge piers/abutments (see Figure 17.5.11). In addition, it is important to
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compare the estimates for river scouring with the formulas shown in Section 17.6 with actual
values in order to understand the causes of scouring better. N

Furthermore, it is also important a bridge be substantial longer than the width of a river (Fig-
ure 17.5.10) and that the location of a bridge not become inappropriate due to potential river
alignment changes (Figure 17.5.11). Therefore, it is important to observe and record changes
not only around piers and abutments but for the entire river channel as a whole in order to en-

sure the most suitable design for a bn’dge.

it

|

[
[
i3 LI

e

Figurel7.5.10 Case where River Width near a Bridge is Narrower
than Upstream/Downstream River Width.
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“river bed

Piles located where the impact of
river waters is greatest

ormer river bed

f,;“., - A

,/ Currehi-river bed

Piles located in an area with heavy scouring

Figure 17.5.11 Relationship between River Condition
& Bridge Foundation Scouring

7) Others (Year of Erection, Bearing Stratum, Foundation Type, Past History of Disas-
ters, etc.) '

In addition to the factors mentioned so far, the year of bridge erection, bearing strataum, foun-

dation type, past history of disasters, etc. are also useful information. For example, if a bridge

is quite old, the level of a riverbed might have become lower due more to the effects of time

than scouring. Again; by reviewing the paSt history of disasters that have taken place around a
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bridge site, it is possible to detect potential problems. Such a review will make it possible to
accurately compare estimated and actual levels of flooding.

Furthermore, bearing stratum under piers is also an important consideration.for scouring
countermeasures. If the bearing stratum under a pier is bedrock and if pier embedment is sub-
stantial (more than 2m), the effects of scouring would be insignificant. However, if the bear-
Ing stratum is gravel, substantial embedment would not guarantee a situation free of worry.
This is because the upper stratum is often loose and it is therefore necessary to be cautious
~ about the bearing stratum even if the pile foundation is substantially embedded.

Pire width
‘%,-- EﬁﬂyL . i ‘ifm,,, ngi. Wi
= cmrssosiiverbed, -which s,
G “ adopted as deep
- - E{:Iwer bed ; ‘ " %-ME one of cument,
“ ] ; T value and plan
I ! value
T \\\‘?\Beariﬂg stratum Penetration
i SRR Depth
R S e , 3 !
Footing height Penetration depth ]
g ;

Figure 17.5.12 Embedment of Spread Founda- Figure 17.5.13 Embedment of Pile Foundation,
tion into Bearing Stratum Caisson Foundation, and Steel—Plpe—
Sheet Pile Foundation inte Bearmg

Stratum

17.5.2 Estimation of Scouring

By estimating the amount of scouring arcund piers based on the results of the! hydrological
survey, it is possible to take disaster preventative measures in advance. The depth of scouring
~ can be estimated based on the results of expeﬁments conducted by the National Institute for
Land and Infrastructure Management (formerly the Pubhc Works Research institute) of the
Ministry of Land, Infrastructure, and Transport (see 16.2. 2)

Of the bridges considered in this Study, those that have biers are the Junquillal Bridge, Las-
Chanilas Bridge, Tacapali Bridge, San Juan de Dios Bridge, and La Banderita Bridge. Of the-
se, those detected with scouring are Junguillal Bridge, LasChanilas Bﬁﬁge, and Tacapali
Bridge. Table 17.5.3 shows the results of the estimation and actual measurement.
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Table 17.5.3 Estimation of Scouring
River Name UMIT | Junquillal Las Chanil- Inali Tacapari |Bl Guayacan San Ii'lan de La )

las Dios Banderita
Width of river W : m 29.3 62 64 109 175 17.9 316
Width of pier D - m 0.4 07 0.8 1 0.9 0.4 1.t
g"f“ha'ge of High water level m3fs | 24628 |  668.61 57958 | 88675 | 149.08 67.22 60.12
Average level of road surface m 457.3 822 638.2 29962 614 56.4 226.7
Average level of riverbed m 453,65 315 631.27 292 609.6 94 217.8
of High water level in flood m | 45801 | 817.765 634.27 | 295952 614.59 96.25 22047
x"_ﬂn water depth in flood - 436 2765 3 3952 4.99 225 267
;\;fle,l:age grain diameter of riverbed materials mm 05 5 13 10 15 ; 5
ho/D - 10.9D 3.95 375 3.05 5.54 5.63 243
Fr = (VAW -ho))v(g-ho) = - 0.29 0.75 0.56 033 0.24 0.36 0.14
hofdm 87200 460.8 230.8 3952 3327 22500 890.0
7D - 1.48 1% 1.68 145 1.2 1.55 0.8
Z m 1.776 2.16 2016 1.74 1.44 1.86 0.96
Angle of repose ? Deg 31.0 34.0 40.0 40.0 40.0 31.0 32.0
tan? - 0.60 0.67 0.84 0.84 0.84 0.60 0.62
X=Zhan? m 2.96 3.20 240 2.07 1.72 3.10 1.54

Width(X) | m 30 30 - 20 - - -

Result of site survey Length(L) m 40 40 - 20 - - -

| Dept(@ | m 0.7 038 - 10 - - -

= i,.ar; 7 i—"u &

TN

£

o N

: Horizontal distance of the range of scouring
: Maximumn depth of scouring
+ Angle of repose
: Width of pier

17.5.3 Selection Process for Countermeasures and a Concrete Example

The type of countermeasure to be applied will differ depending on the location of scouring -
and the purpose. In addition, the measure to be applied depends on whether a perrnanent or
temporary structure is to be built. Expected scouring locations are as follows:

1) Around piers
2) Around abutments

3) Embankment for approaches

The selection process for scouring countermeasures is shown in Figure 7.2.9. Note that a tem-
porary countermeasure should be applied when the present amount of scouring is not large
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and there is a plan to replace the existing bridge with a new bridge in several years time (i.e.,

within 3 years). On the other hand, a permanent structure is advisable for the following situa-

tions.

a) Large amount of scouring is detected.

b) The sectional area of the river is insufficient (e.g., bridge is submerged almost every

year).
c) River velocity is fast.

d) The relative location of the bridge has become inappropriate due to a change in the

alignment of the river channel.

1 Scouring Countermeasures for Piers

In consideration of the materials used to prevent scouring around piers, the possible alterna-
tives are as shown in Table 17.5.5. Table 17.5.6 shows the applicability of each measurement

by bridge site.

When rubble and/or concrete block are used to prevent scouring, the weight and size of those

materials must be considered in relation with the velocity of water flow. The reference values
for this relationship are shown in Figure 17.5.14 and Table17.5.4.

Len}

2N
m 5=1.65
i
e g-9.8m/s?
4
208
14
#8
H.

&3

P

High turbulence flow

Low turbulence flow

SNy PR R A T

A

{ni'e)

Table 17.5.4 Relation between Block
Weight and Velocity of Water Flow

Flat Type 3.0 3.5
4.0 40
5.0 4.5
6.0 5.0

Figure 17.5.14 Relation between Size of Rubble
and Velocity of Water Flow
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Table 17.5.5 Comparison of Prevention Measures for Foundation Scouring

This measure is for temporary
works and for works in rivers

with slow velocity.

Gabion
Rubble

Economically efficient. Facility
for construction is simple and
easy (manual labor only is
basically sufficient).

L

Rubble and gabion

R JL:E;E\-‘;:

-

gt 01

The advantage of rubble is that
it can change its form in response
to differential settlement of the
riverbed if the foundation is soft.

Maintenance is necessary.

This measure is applied at sites

j—

-with fast flows and strong
riverbed foundations,

Concrete

This measure is inappropriate
for sites with soft riverbed
foundations because the structure
might collapse due to differential

Protection by the
Concrete

scttiement. .
Becanse, this measure requires
the pouring of concrete on site, it

)

77

R S S

is impossible to execute in the
rainy season.

By changing the size of concrete
block in accordance with the

velocity of water flow, this

Concrete block

measure can be applied to all kinds
of rivers.

Because precast concrete is
applied, construction can be

Protection by precast

concrete block

<]

implemented at any time except
during floods.
Maintenance is not necessary.
This measure can bear smail
differential settlement.
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Table 17.5.6 Countermeasure Applicability by Bridge

It is predictable that the settlement will |
occue due to the soft riverbed. '
The velocity of water flow is slow.
The river always has water flow.
The velocity of water flow is slow.
The river always has water flow.
The velocity of water flow is fast.

Jungillal A C C

San Nicolas A C C

>

Las Chanillas C B

It is predictable that the settlement will
occue due to the soft riverbed.
.The velocity of water flow is fast.

@]

San Ramon A C

Inali C B

The velocity of water flow is rather fast.
The river always has water flow.

The velocity of water flow is slow.
There is a season when the water flow
in the river dissapears.

The velocity of water flow is fast.

The riverbed is consisted of soft rock.
The block is not economical because the
width of river is narrow.

The velocity of water flow is fast.

The riverbed is consisted of soft rock.
‘The block is not economical because the
width of river is narrow.

It'is predictable that the settlement will
A C C occue due to the soft riverbed.

The economical advantage is excellent.
The velocity of water flow is relatively
La Banderita A C C fast. :

The economical advantage is excellent.

A
Tapacali C B A

g

El Guayacan A A

Solis C A B

Papalon c A B

San Juan de
Dios

A : Advisable measure
B : Applicable measure
C : Measure difficult to apply

- 2) Countermeasure against Scouring around Abutments
Basically, it is advisable to execute scouring countermeasures for the front-end of abutments
as shown in Figure 17.5.15 and Figure 17.5.16 In the case that the height of the water level is
more than 5 meters, the countermeasure shown in Figure 17.5.15 shall be carried out.

As for scouring countermeasures around abutménts, this shalf be carried out at abutments with

a height of more than 3 meters.
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Concrete revetment } ey Wet masonry revetment . f......._..

'Figurel7.5.15 Revetment by Concrete | Figurel7.5.16 Revetment by Concrete |
a2 |  (1:0.4) H<5m

3)  Dike Approaches _
When a dike approach is extends into a river, it is advisable to protect the slope of the dike

-approach with concrete as shown in Figure 17.5.17. Then, using gabion, a countermeasure to

protect the downstream riverbed shall also be carried out.

 Figure 17.5.17 Protection for Dike Approaches
(Case where Dike Approach Extends into River)

17.5.4 Disaster Prevention Spot Issues & Countermeasures

The 1ssues that should be considered for each dlsaster preventlon spot, Wthh is based ona
rev1ew of hlStOI‘Clal and current data, and the appropnate countermeasures are as shown in

Table 17.5.7.
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Table 17.5.7(1) Disaster Prevention Spot Issues & Countermeasures (1/2)

lspan past

Name of bridge Jungiljal San Nicolas Las Chumillas San Ramon Inali Tapacali
Name of route NIC.1 NIC.1 NIC.1 NIC.3 NIC.2 NIC.1
Station 113+190 135+640 150+330 151+850 226+390 233+245
Year of construction 1956 1957 1958 1957 1954 1954
Past history of disasters Partjal destraction - Partial destruction - Partial destruction some damage
: Prestressed concrete, | Prestressed conerete, :
Length of side . simple steel bridge simply supported simply supported . Simple steel plate
s Span Three simple con- h ; h ] 3 spans continnous beam
Bridge type crete slabs bridge girder bridge girder bridge steel plate bridge
Lengih of center Simple steel plate 3 spans continuous
span B bridge B steel plate bridge
Foundation rype * Pile Direot Spread foundation | Spread foundation | Spread foundasion | Spread foundation
See‘;);iong;cal characteristics  of Weathered weff Weathered andesite ‘Weathered tuff ‘Weathered tuff Weathered: andesite Weathered tuff
Bridge length 293 18.86 62.0 153 64.0 109.0(17.8+21.3+26.
(span length) {5+9+9) (17.6) (17.8+24.0+17.8) {14.9) (19.0+24.0+19.09 7+21.3+17.8)
Obstruction Ratio - a3 - Al i
Width  of[upstream m 19.0 9.8 i 90
river [downstream m 25.0 9.3 R 70
Gradient of river % 0.14 0.5 \ 0.3
Riverbed conditions m Cohesive soil Sandy soil Gravel Gravel
Roughness co-efficient - 0.027 0.045 0.028 0.028
Catchment area km? 49.8 2.7 848 147.11
Co-efficient of discharge - 0.46 0.48 0.5% 0.62
ﬁi‘;‘;‘i‘t’y 100years | "V 481 17.7 50 45
Flood flow m/s 306.1 42.38 694.94 1266.8
Velocity of flow m's 1.91 254 g0y 2.9
Standard span length m file 9.8 HHEO R
Free space under beam m Hi 2.7 13
s abutment - 3¢ 73
Stability pier - - - =0
Condition of|abutmeni - 30 T ! T
scouring  of] . ’ i
foundat%on paer - i i 0. : iﬁ%}&{* L és e
rivey Steep gradient of Relatively stze.;J Inverse effect fromy The length ofbridgel The obstruction is
seciional area river dient of river the trace of the formerjis short, comparedilarge I river sec-
old bridge with the widih offtional area.
Short tength of span High velocity of Tiver
river fow The distance be-
The obstruction is|tween the revetnent
Inadequate Sparg farge in river sec-jin front of abutment
fength as for the side tonal area. and pier is short.
Problems

The distance be-
tween the revetment
in front of abutment
and pier is short.

High velocity of
river flow

(i) Total replacemen

(i) To raise the leve

) To decrease veloc

i} To remove thel

(i) To remove revet-

(i) To remove revet-

tor new bridge f riverbed. in ordenity of river flow byprace of former oldment in fromt of|ment in front of
protect riverbed afbuilding weir bridge abutment, and to|abutment, and to
iy In order o § same time ’ widen the sectiomaliwiden the sectional
fctease the sectionall i) To implement(ii) Jmplement area of river fow area of rjver flow
area of river, to buildkii) To implementicouniermeasure undse]
the culverts at thespur dyke in order toagainst scomingrm (ii) To build spur|(i) To protect scour-|
hpstrearn and downddecrease the velocitylaround piers dvke, in order tofing of foundation
stream parts of river flow prevent direct water|around piers
ronosed coms itiy To remove re—l current from  hitting
Pesed ConTErmeasIes ivetmient i fromt off bank of approach..
pbutrment,  and o
lwiden the sectional (ilif To decrease
javea of river flow velocity of river flow
by implementing
spur dyke
(iv) To protect scour-
ing of foundation
aronmd piers
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Table 17.5.7(2) Disaster Prevention Spot Issues & Countermeasures (2/2)

Name of bridge El Guayacan Solis Papalon San Juan de Dios La Banderita
Naime of route NIC3 NIC.26 NIC.26 NIC.26 NJC.26
Station 119+050 107+533 108+154 156+785 170+952
Year of constryction 1945 1963 1963 1965 1966
Past history of disasters Wind destroyed - - - -
Length of side Stmple concrete slab
span ) . . . bridge
Brideet Three conctete Stinple concrete slab | Simple conerete slab | Two simple concrete
rdge bype Length of center| @ched bridge bridge bridge slabs bridge Prestressed concrete,
span ’ simply supported
P ] girder bridge
Foundation type * Spread foundation Spread foundation Spread foundation Spread foundation Spread foundation
S:;é?fgcal characteristics  of Weatherad teff ‘Weathered andesite Weathered tuff Weathered andesite Weathered tuff
Bridge length 72 5.1 17.9 31.6
{span length) m 4.6} (3.5} (7.5+7.5) (6.6+15.4+6.6)
Obstruction Ratie - - - 2.5 C 6T
Width  of lesmm m 62 6.8 179 . 193
river W
stream m 42.0 58 7 19.2 18
Gradient of river % 13 1 179
Riverbed conditions m gravel sand sand sand gravel
Ronghness co-efficient - 0027 0.016 0.016 0.027 0.027
Catchment area fan® 28.3 0.8 06 9 7.7
Co-cfficient of discharge - 049 045 0.46 044 0.46
Rainfall My
intensity 100years b 48.1 123.4 123.4 73.8 738
Flood flow M3/s 185.29 12,34 246
Velocity of flow m's 1.07 237 276
Standard span length M
Free space under beam M
Stability al.:tutment -
| pier -
Condition of | abutment -
scouring  of [
foundation ]P*T - - - 20
Inadequate sectional | Steep  gradient of | Steep gradien: of | Inadequate sectional [ A litle bit steep
area of river flow river tiver area of river flow gradient of river
Short span length A little bit short | Short span length The distance between
length of bridge, the pier apd the
Large ratio of ob- compared with the [ The accumulation of | foundation of abuwt-
Problems struction widths of the up-iearth and sand is|mentis short.
siream and dowe- ; considerable.
The location = of stream river chanmel. Short leagth of side
bridge doesn't corre- span
spond to the that of
river.
(i} Total replacement | (i} To raise the level | (i) Total replacement | (i) Total replacement | (i) To build revet-
o new bridge of riverbed. in order | to new bridge to new bridge ment in order to
to protect riverbed at protect foundation of
(i1} Improve the river | the same time (il) To raise the feve] | (i) To dredge the | abutment
channel of riverbed. in order | dverbed in order to
' (3} To implement |io protect tiverbed at | decrease level of the | (i) To  Eimit the
(1ii} Revetment wark | spur dyke in order to | the same time riverbed secitonal area of river
of approach part decrease the velocity to the space between
. of river flow (i) To implement piers by backflling
| Proposed countermeasures spur dyke in order to both side of river
(iif) To decrease | decrease the velocity channel wp to the
velocity of river fiow | of river flow picrs
by building weir
(iv) To decrease
{iv} Totzl rveplace- | velocity of river flow
ment to new bridge | by building weir
{v) Toual replacement
to new bridge
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17.6  Selection of Spot Specific Countermeasures
17.6.1 Selection of Slope Damage Prevention Countermeasures

1 General

The selection of slope damage prevention countermeasures is carried out based on the results
of Table17.4.9, with the selection methodology shown in Figure 17.6.1.

Selection of Applicable Disaster
Prevention Countermasures
(Tahle 17.4.9)
) Reference of Figure. 172.1;
< Relationship between objects of
Disaster Prevention
counterreasures and spot
Drawing to three
alternatives

v

Conparative of Alternative
-Workability/Strucural feature
-Environnent
-Infieence on road
-Maintenance

-Economy
Selection of the Best Disaster
Prevention Counterneastire

Figurel7.6.1 Flow Chart for the Selection of Disaster Prevention Countermeasures
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2) . Selection of Alternative Countermeasures

Applicable disaster prevention countermeasures are selected based on results previously
described (refer to Table17.4.9). _

Alternatives, of which there are three, are make up of a combine of the selected disaster
prevention countermeasures. The results of a comparative study of the preventive

countermeasure are shown in Table 17.6.1- Table 17.6.5.

3 Selection of Disaster Prevention Countermeasures

The best disaster prevention countermeasures are selected after a comparative examination of
three different alternatives. The comparative analysis is carried out using the items listed
below. The analysis is qualitative in nature and applies the symbols ©,0,A: © is excellent,
(O is normal, and /\ is poor. Based on this, prioritization using the numerals 1, 2, and 3 is
performed, with 1 being the best and 3 the worst.

~ ® Workability/Structural features
Environment
Influence on road

Maintenance

Economy
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