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17.6.2 Selection of Countermeasures for Bridge Foundation Scouring

1) Jungquillal
According to the hydrological analysis, the sectional area for the river is inadequate at the
bridge. It is therefore necessary to take the following countermeasures:

® Replace existing bridge with new bridge with adequate sectional area.

® Ensure and keep the required sectional area for the new bridge.

This river i1s a natural river and has no embankments. Therefore, the difference between the
level of the riverbed and surrounding countryside is small. Therefore, it is impossible that the
NIC.1 around the main bridge would be submerged even if a flood or rainfall that only
statistically happens once a year occurred. However, because scouring of the foundation
around bridge piers has been detected (i.e., 4-5 m in size extending from the pier, Photo
17.6.1), scouring countermeasures for the existing bridge foundation shall be taken. Finally, it
is desirable to construct a new bridge with the necessary _sectionél area once the recommended

improvements are made.

As described in Chapter 17.2.2, the matenals
used for protecting a riverbed are as follows:

(i) Gabion

(1) Concrete foot protection

(iii) Precast-concrete block

However, due to the reasons listed below, —
Photo 17.6.1

gabions " shall be selected for the riverbed . . cprs dge Foundation Scouring

protection work (Figure 17.6.2).

® The bearing capacity of the riverbed is
weak because it consists of cohesive soil, meaning that differential settlement can easily
occur. For that reason, utilization of concrete and concrete blocks could lead to
structural deformation and damage. _

® In contrast to concrete materials, gabion can respond to differential settlement and
deformation flexibly. It is also easy to repair.

® Since land around the bridge consists of paddy fields, it is advisable to apply a
countermeasure that will not degrade water quality.

® Because river flow velocity is slow, it is unnecessary to use heavyweight materials such

as concrete blocks.
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Figure 17.6.2 Area of Protection Work

2) San Nicolas
Because scouring prevention countermeasures have not been taken, there is hole at the

foundation of the abutment on the Managua side due to the outflow of soil at the back of said
abutment. The major factors that are the cause of this scouring are as follows:

® The gradient of the river channel is steep (2.42%).

® The river flows close to a damaged abutment.

® Others.

Because the collapse at the back of the abutment is highly advanced, the following
countermeasures to protect the front-end of the abutment are proposed.
® Embank the front-end of the abutment and create a concrete slope at a ratio of 1:1

_ (see Figure 17.6.3)
® Protect abutment directly with stone masonry revetment (Figure 17.6.4)

Stone masonry .

Stone masonry

=
Figurel7.6.3 Concrete Revetment (1:1) Figure 17.6.4 Stone Masonry Revetment (1:0.4)
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“Stone Masonry revetment shall be applied because of the following reasons (Figure 17.6.5).
The height of the Stone Masonry revetment shall be 5 m in consideration with the water level
in case of flood. In addition to that, because the river channel ﬂows close to the abutment side
that took an effect of scouring, protection measure shall be implemented base on the
following spec. '

® In order to minimize obstruction to the sectional area of river channel by protection
measure, the gradient shall be 1:0.4.

® Length of transition area shall be 20m from the edge of the bndge to the upstream
side in order to minimize the impact on the.

Further more, protection measure for the riverbed shall be implemented in the front of
revetment by the gabion with 3 meter width.

Although the improvement work of river is necessary in order to make the gradient gentler by
means of raising of level of riverbed, water controlling work, and so on, the protection
measure for riverbed in front of the abutment and around the bridge is suggested, judging
from the following cite situation.

® The riverbed consists of bedrock.

@ The flow volume is not large, and the velocity of water flow is slow.

No large wreck of scouring of bridge foundation can be identified except for the part of

the abutment.
Marnagua = El Espino
—— , i8.6 =
[on]
)
.
jasf H e Ny
i S— ! . N—
The length of abutment:
13.0 S
L =30m
18

Figure 17.6.5 San Nicolas counter measure .

3) Las Chanillas
The characteristic of this river is the high velocity of the water flow. The reasons of high
velocity seem to be as follows:

® The gradient of riverbed is steep (1.7%).

® The surface of riverbed is relatively uniform and the coefficient of roughmess is
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small.
® The alignment of river channel in the both sides of river is straight and the change is

few.,

The highly advanced scouring can be identified near the bridge pier, and no major damage can
be seen at the abuiment part. Therefore, counter measure for the scouring around the bridge
piers shall be examined.

As for the materials used for the counter measure, referring to the Table 17.5.5,

precast-concrete block shall be used for the revetment around bridge piers. The reasons of

selection of counter measure are as follows. In addition, the construction range shall be 4

meter around bridge pier based on the Table 17.5.3 (Figure. 17.6.6). The weight of block

needs to be around 5 t due to the fast velocity of water flow (Table 17.5.5).

i) The velocity of water flow is high (5 m/sec), and the grain diameter of rubble would be

' quite large (d50 = about 70cm would be necessary).

ity It is possible to implement construction work even in the season when more or less
flow exists on the river channel.

iii) The initial cost of investment is higher than the gabion, but the maintenance would be
Unnecessary. | _

iv)  Hthe cast in place concrete were applied, the construction work would be implemented

' in the dry season. So there is a restriction of the term of construction work.

v}  Although the temporary yard for the production is necessary, the restriction of the yard
for temporally facilities is small because precast-concrete members are used.

vi})  The facilities for block production are available in Inali and Tapascali.

4) San Ramon
The concrete wreck that seems to be originated from old bridge remains in the El Esoino side
of the river channel(Photo 17.6.2), and there is major scouring of riverbed between this
concrete wreck and abutment. |

As a result of survey of river and bridge, no cause of
scouring could be identified except for this concrete
wreck. Therefore, the wreck of old bridge abutment
shall be removed, and the protection measure for
riverbed shall be taken. The following materials are
given as protection measure for riverbed:

1) Gabion
it)  Stone Riprap with mortar DamiT
iii)  Concrete block Photo 17.6.2 Track of old bridge
: and water flow
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Figure 17.6.6 Protection Range around Piers
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In consideration of the following condition, protection measure by gabidn shall be suggested.
® The river is small stream with small volume of water flow.
® This bridge is concrete bridge whose age is over 50 years old, and it is highly
possible of this bridge to be replaced in the near future.

In consideration of the range of wing revetment of the existing bridge, the range of protection
measure shall be up to 3 meter from the both upstream and downstream side of the bridge.

W
Ay

Marnaguo 15,6 El Espiro

2,7

Figure 17.6.7 Abstract of Counter Measure
5) Inakli .
No major truck of scouring was seen through the actual site survey of this bridge. Bu,
detailed survey identified that there are factors of scouring resulting from the river
characteristics and the structural characteristics of bridge.
i) Factors resulting from the river characteristics

The possible reasons for the very high velocity (4.92 m/sec) of the river same as Las Chanilas
are follows.
® The gradient is relatively steep (1%).
® The alignment of the river is linear.
® The riverbed condition is uniform with small changes in the shapes and grain
diameter of riverbed.
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i)

Factors resulted from the structural characteristics of bridge

® The bridge length (64m) is shorter than the river width of both the upstream side
(85m) and downstream side (95m).
@ The revetment of the front of abutment projects into the river channel, resulting in

narrower river channel.

® The distance between piers and revetment of the front of abutment is short.

Therefore, counter measure shall be examined for these factors. The countermeasure is shown
in the Table 17.6.25 and the Figure 17.6.8.

the front of abutment in

order to extend the sectional

area of river channel
if)
the front of abutment in

order to ensure and keep the

distance between the pier
and abutment

i) To improve the revetment of

To improve the revetment of

Protection of abutment by Stone Masonry
revetment (gradient of the front = 1:0.4)

sectional area of river
channel

iii} To protect foundation
around piers against
scouring although no
abnormality including
scouring can be identified.

Precast concrete blocks shall be used
same as Las Chanilas,

The weight of concrete block shall be 5
t/piece, and the range of protection
measure shall be 4 meter around the pier
based on Table 17.53.3.

To follow the case in
Las Chanillas

iv) To protect the riverbed in

front of the abutment

The protection measure for the riverbed
in front of the abutment against scouring
shall be taken by the concrete blocks.
The protection measure work shall be -
implemented by the range of 3 meters
width from the front of abutment.

The used concrete blocks shall be same
as those used for piers.

Because the abutment
projects into the river
channel.

v) To protect the slope of
approach which projects
into the river channel.

The protection measure shall be taken for
the both upstream side and downstream
side of the slope by concrete.

The protection measure work against
scouring shall be taken for the riverbed at
the bottom of the slope in the
downstream side by using gabion.

vi} To protect the river bank To install the groyne for the left bank by | By installing the
and promote the using gabion, right-angled {o the bank. groyne, to promote the
sedimentation by installing | Width:4m,length:25m,interval:50m sedimentation of soils
the groyne at the part wider on the widened river, to
than the bridge. protect the-bank, and to
protect the approach
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Figure 17.6.8 Prote_ctiqn Range around Abutment and Piers

THE STUDY PAGE 17-103 .
ON VULNERABILITY REDUCTION ORIENTAL CONSULTANTS CQ., LTD.
FOR MAJOR ROADS - in association wuh

IN THE REPUBLIC OF NICARAGUA ' JAPAN ENGINEERING CONSULTANTS CO., LTD.



' _FINAL REPORT JICA STUDY TEAM

Figure 17.6.9 Reinforcement for approach

Figure 17.6.10 Groyne

6) Tapacari

This bridge is the largest among the target bridges of the survey, with the maximum water
flow of 1260m*/sec. But, the slope is gentle, so the water velocity is not so high. However,
because this bridge is located at the extensively curving part of the river, the river section
covered by this bridge is separated into a part with highly progres :d scouring (Managua side)
and a part where the sand can accumulate easily (El espino side), both of which are taken
 effects on by the complicated river flow. The tracks of major scouring are identified around
the Managua side abutment and around the 2 piers(P1, P2) in the Managua side. In addition,
because the revetment of front of the abutment projects into the river channel same as Inali,
the distance between the abutment and the pier (side span length) is short. This seems to be
one of the factors that promote the scouring. Therefore, the counter measure shall be planned |
for the purpose of improvcment of revetment of abutment and protection for scouring around
piers. The counter measure is shown in the Table 17.6.26, the Figure 17.6.11, and the Figure
17.6.12.
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Table 17.6.26 Countermeasures for Tapacali Bridge

‘ CIME it

1) To improve the revetment | To protect the front of abutment by | Because the height of
of front of the abutment in | using concrete revetment (1:2) protection measure is
-order o extend the _ more than 5 meter.
sectional area of river
channel.

ii) To improve the revetment
of front of the abutment in
order to ensure and keep
the distance from the pier

iii) To protect the scouring The precast-concrete blocks shall be | To follow the case in |
around the piers used. Las Chanillas

' The weight of concrete block shall
be 1 t/piece.

The protection range shali be 3
meter around the pier, based on

_ Table 17.2.8.
iv) To protect theriverbed in | The protection measure for the | The abutment projects
front of the abutment riverbed in front of the abutment | into river channel.

against scouring shall be taken by |
the concrete blocks.

| The protection measure work shall
be implemented by the range of 3
meters width from the front of

abutment.
The concrete blocks same as those
for piers shall be used.
A
g
S
oy
E| &
=t ~
Ny
[ad}
Protection range per 1 pier
3.0m 8.0m Om > A='136.0m*
€ 16.0m . >

Figure 17.6.11 Protection Range around the Pier
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Figure 17.6.12 Abstractive Layout of Countermeasure

7) Guayacan _

This bridge is oldest and most damaged among the target bridges of the survey. The
differential settlement occurs around the Matagarupa side abutment, and the wind was
damaged. From the survey result, the cause of differential settlement can be decided.
However there are many factors of scouring in this bridge, as shown in the following, and the
depth of scouring is deepest around the abutment around which the differential settlement
occurs. Considering these conditions, the differential settlement seems to be resulted from the
scouring. Although, generally speaking, the scouring occurs in the upstream side of bridge,
the scouring occurs in the downstream side of this bridge. Considering these conditions, the
major scouring seemed to be caused in the downstream side by turbulence of river flow
disturbed by the bridge. The problems and issues to improve related to this bridge are shown
in the Table 17.6.3.
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Table 17.6.27 Problems at Guayacan Bridge

River The alignment of river is The river diverges in the To reinforce the joining
' complicated, and the river upstream, and joins just part
water flows complicatedly before the bridge again. To improve the joining way
at the bridge. The river is curving To reinforce the outside
extensively at the revetment
downstreamn of bridge.
The river channel was dug | To take a counter measure
deeply by the scouring at | against scouring of bridge
the upstream side of the foundation
bridge. '
The level of river channel | To remove the accumulated
becomes high due to the soils
sedimentation in the
downstream side of the
bridge.
As aresult of hydrological | The sectional area of river | To ensure and keep the
analyses, the level of water | channel is insufficient. sectional area of river
would be more than 1 meter ' channel
| higher than the level of road
surface with the president
bridge length.
Type  of | The obstruction ratio is very | The bridge type is arched | To ensure and keep the
bridge high (27%). shape, so the sectional area | sectional area of river
of river channel is very channel by constructing
small. new bridge or culvert close
to the existing bridge.
The position of bridge The alignment of river To construct new bridge
doesn’t correspond to that of | changed through the flood
river. in MICH.
The bridge length (L=17m) To construct new bridge
is short compared with the :
river width (upstream side,
downstream: side)

As counter measures for above mentioned problems, plans to utilize the existing bridge (Plan
1 and Plan 2) and a plan to remove the existing bridge (Plan 3) shall be examined.
Plan 1 : To construct a box culvert in the side of Matagarupa in order to ensure and

Plan 2
Plan 3

keep a sectional area.

: To replace the existing bridge with a new bridge

: To construct a new bridge in the side of Matagarupa

The comparison of each plan is shown in the Table 17.6.27. As a result of the comparison
shown below, the Plan 3 (to replace the existing bridge with a new bridge) is suggested.
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® Only plan 3 can solve the problem of scouring.

® There is no residence around this bridge, so raising the vertical alignment of road by
2 meters will not have large impacts.

® Because the existing bridge is almost 60 years old after bemg constructed and
damaged to great extent, it will be necessary with strong possibility to replace or
reinforce the existing bridge in a few years later.

® In case of utilizing the existing bridge, 2 new bridges of 20m-length will be
constructed in the future. As a result, the cost will be relatively more expensive.

8) Solis and Papalon

The year of construction of both Solis bridge and Papalon bridge is relatively young (built in
1963). Nonetheless, due to the highly advanced scouring, the level of riverbed has been
lowered below the subgrade of abutment by more than 60cm at Solis bridge, and up to almost
same as subgrade of abutment at Papalon bridge, making the site condition very dangerous. It
is estimated that the weathering of surface stratum of riverbed is highly advanced, and that the
scouring of foundation was gradually promoted through the outflow of powdered fine
granular by the water flow. According to the geological survey result, aithough the subgrade
of abutment is weathered tuff, due to the small volume of river flow in this area, the
weathering of riverbed surface is seemiingly being speeded by the repetition of dry condition
and wet condition. In addition, as shown in Figure 17.6.13, because the vertical alignment of
whole river channel is uniform with gradient about 2%, not only the level of riverbed around
the bridge but also the level of whole river channel descends uniformly.

Further more, the vertical alignment falls into disorder to some extent at the Papalon bridge,
showing the inflnence of the bridge on the scouring. The sectional area at the Papalon bridge,
which is smaller than that of the upstream and downstream of the river channel, is considered

as the cause of this disorder

88

Solis Papalon

Figure 17.6.13 'The Vertical Alignment of Riverbed at Solis Bridge and Papalon Bridge |
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Based on the above mentioned matters, the main cause of scouring at this bridge is not the
impacts of bridge but the characteristics of river itself. The evidence for it is that there is no
major problem related to the bridge including the sectional area at the bridge. In order to
protect bridge foundation against scouring, it is necessary to protect the front of abutment by
raising the level of riverbed at the existing bridge, and to change the vertical alignment of
river channel in the upstream side of the bridge. Taking advantage of the condition that the
volume of water flow is small, and that sufficient sectional area can be maintained even after
raising the level of riverbed at both Solis bridge and Papalon bridge, the level of riverbed
around the abutment shall be raised, and the vertical alignment of river in the upstream side of
the bridge shall be gentle. The head shall be constructed in the downstream side of the bridge,
and the vertical alignment shall be joined the existing river channel through transition section.

In order to raise or protect the Ievel of riverbed at the bridge, concrete, gabion, and gravel can
be thought as the materials. But because the river scouring is highly advanced, the stone
riprap with mortar shall be used for the protection of the riverbed.

In addition, gabions and dumped rocks shall be used for the upstream part, and a head
construction by gabions and stone Masonry shall be installed for the downstream part (Figure
17.6.14). '
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Figure 17.6.14 Abstract of Countermeasure at Solis and Papalon
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9) San Juan de Dios
According to the result of hydrological analyses of this bridge, the level of flood that might
occur once a hundreds years is almost same as the level of the road surface. From the
viewpoint of hydrological analyses, the sectional area is insufficient at crossing point of the
bridge, so it is advisable to substitute a new bridge with sufficient sectional area that satisfies
the condition of the hydrological calculation. However, this river is a natural river without a
bank, and the level of riverbed is not so different from that of ground around the river. For
that reason, it is possible to judge that, even in case of a storm that might occur once a
hundreds years, the flooded river water would seldom flow into the adjacent low land, and the
road around this bridge will seldom be submerged. However, because, in case of the flood, the
overflowed water would flow into the narrow river channel at bridge from all directions
(Figure 17.6.15 Bold arrow mark), it would be easy of the riverbed at the upstream side of
bridge to be scoured. This kind of phenomenon can be identified by the condition of actual
site. Therefore, the protection measure for the scouring of abutment of piers shall be
examined here. For the following reasons, protection by using gabion shall be selected as the
protection measure for this bridge among those shown in the Table 17.5.5.

@ The velocity of river flow is very slow (1 m/sec) at the crossing point of this bridge.

® The construction work and maintenance in the future is easy.

® The protection by using gabion is most economic.

® Because the size of this bridge is simall and the clearance under the girder is short, it

is difficult to implement the construction work by using concrete blocks.

The protection range against the scouring around the piers is 3 meters from the piers based on
the calculation result about scouring range shown in the Table 17.5.3. But, in consideration to
the counter measure against the scouring around the abutment, the protection range shall be as
shown the Figure 17.6.15. |

Further more, when the bridge is replaced with the improvement of NIC.26 road, or when the
river and its banks are improved, it is advisable to substitute a new bridge that has a necessary
sectional area. Judging from the survey result, the size of a new bridge shall be advisably one
with the length of one span 25-30m.
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Figure 17.6.15 Abstractive Layout of Countermeasure of San Juan de Dios

10) LaBanderita
The factors of the scouring at this bridge are as follow:
iy The piers have 2-column, rigid-frame structure.
it)  Although the level of subgrade of abutment is at 1eve1 higher than the riverbed by
about 3 meters, no protection measure has been taken.
ii1) Compared with the central span length (15.4m), the side span length is short (6.6m).
So the distance between the foundation of the abutment and the pier is very narrow
(Figure 17.6.16). |
iv)  The gradient of the river channel is a little steep (1.79%).

Howeﬁrer, because, compared with the size of the bridge, the volume of river flow is very
small (72.61113), no track of scouring was identified except for the foundation of abutment.
Therefore, the counter measure shall be examined for the purpose of protection of bridge
foundation. Further more, although no track of scouring was seen around the piers, the
protection measure against the scouring around piers shall be also taken in consideration to
the rigid-frame structure of piers.

Telica

San Isidre

Figure 17.6.16 The Existing Bridge at La Banderita
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There are 2 protection measures for the foundation of abutment including the concrete
revetment (the gradient of the front = 1:1), and Stone masonry revetment (the gradient of the
front =1:0.4). However, in order to ensure and keep the sectional area or river ¢hannel, the
Stone niasonry revetment (the gradient of the front =1:0.4) shall be applied for the protection
of the front of the abutment. The range of construction shall be 10 meters from the edge of the
bridge both in the upstream and downstream.

In order to protect the foundation of piers against the scouring, the protection measure by
using gabion shall be selected among the counter measures shown in Table 17.5.5, taking into
consideration conditions that the velocity of water flow is slow and that the volume of water
flow is small. The protéction range shall be 2 meters from the piers, based on the calculation
result about the scouring range shown in Table 17.5.3. In addition to that, gabions shall be laid
on the range of 3 meters width as the foot protection of the protection measure for the front of
abutment (Figure 7.6.17).

Furthermore, because the piers of this bridge have the rigid-frame structuré, partition wall
shall be put between piers (Figure 7.6.18).

1 Pier ‘
Partition woll
MWL
o~
Gabion ¢~ /
-
10 ]! 1)1

2l i 4 2

Figure 17.6.17 The Installation of Partition Wall
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Figure 17.6.18 Protection Range against the Scouring
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