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5.1
Information from Detailed Survey

Prior to detailed design, the following information should be procured from the detailed survey:

–
site selection;

–
fixed axis line or any indications requiring a change of axis line;

–
soil / rock investigation data;

–
topography of selected site, e.g., contour plot, section along axis line;

–
preliminary design with approximate locations for anchorage foundations;

–
suggested values for soil / rock parameters (by Engineering Geologist, if necessary);

–
other information, for example, drainage and protection requirements, high flood and low water level, general geology, etc;

–
localization of bridge site with respect to traditional crossing point; and

–
river flow conditions.

For a glossary of geological terms used in this Volume A, refer to:

IS
2809 ‑ 1972 
Glossary of Terms and Symbols Relating to Soil Engineering

IS   11077 ‑ 1984
Glossary of Terms on Soil and Water, and 



LSTB Technical Manual, Volume B:  Survey.

5.2
Final Selection of Axis Line

Based upon the information received from the detailed survey, check the following and change the axis line if required.

1.
No or only minor problems will arise where foundations are to be placed:

–
on alluvial soil, 

–
on stable or slightly weathered rocks without structural slopes, and 

–
on flat river banks.

2.
In case foundations are to be placed on morainic soils, the results of the geological survey must demonstrate their necessary stability and compactness, as well as the absence of seepage and non​bearing layers.

3.
If the site is neither alluvial nor flat, try to place foundations on a positive topographical area such as a crest or a dome. However, make sure that the positive topographical area is not a bulge of debris only. This should be the first priority In tower and main foundations. This type of topography is the best guarantee for avoiding unstable slopes, landslides, and gully erosion. Generally drainage is not required in such areas.
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4.
Change the axis line of the bridge where foundations are to be placed on convex slopes, showing deposition of loose material. The site is questionable if the slope above the bridge follows the same pattern.
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5.
If a site is rocky and the rock strongly weathered with open fractures, but without a wedge pattern and without evidence of instability on the river bank and on the slope above the axis, a bridge, preferably a suspension bridge, can be constructed with neces​sary care.

6.
If the choice is free, give preference to good alluvial layers (coarse material, good compactness, no seepage, no evidence of river bank erosion) instead of weathered rock with open fractures.

7.
If an alluvial cliff consists of alternate layers of coarse and fine materials, place the foundations on coarse materials below the fine layer.

8.
Avoid siting foundations on a smooth, thinly laminated soft rock slope with the rock bed dipping in the direction of the slope.

9.
If a site can be found with rock within reach beneath the alluvial or morainic layer or beneath the overlaying soil, select this area for foundations and place them on the upper portion of the rock. This is especially recommended in cases where the compactness and friction angle of the overlying soil are low or where there is evidence of seepage or of clay pockets between the rock face and overlying soil.

10.
Reject a bridge site If the rock is strongly weathered with open fractures and central and/or center‑lateral wedge patterns.

11.
Avoid siting foundations and anchorages on wet areas with visible seepage water.

12.
Avoid siting foundations on old landslides and rockfalls (angular rock blocks in exploration pits). Old landslides and rockfalls are only acceptable if completely stabilized and more or less buried, and only for suspension bridges. A detailed geological investigation is required.

13.
 Check the selection of the bridge site with regard to the flow conditions of the river.


Important confluences are always questionable for bridge sites, as flood debris and boulders in the main river or the tributary may block the other, affecting the bridge site upstream from the confluence. On the other hand, sudden overflow and strong erosion may wash out the bridge downstream from the confluence. However, a site upstream from the confluence, If sufficient freeboard is maintained, is relatively better than the downstream one. If possible, always select a site away from the confluence.
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5.3
Freeboard Profile

Generally and in all cases for which no reliable hydrological data are available, the freeboard between the estimated High Flood Level (H.F.L.) and the lowest point of any cable alignment should not be less than 5 m. This value should cover any uncertainty in the estimated High Flood Level ( +3 m) and should also provide sufficient security against damage to the bridge caused by trees carried by the flood ( +2 m).

Draw the freeboard profile before the detailed design stage within the cross‑section of discharge, then fix the span and cable systems. Roughly calculate the sag, determine the lowest point of the cable system, and determine the windguy cable alignment. Check whether any cable alignment will be within the required freeboard profile; If there is a cable alignment, raise it and/or the foundation(s) until the desired freeboard is achieved.

Keep minimum freeboard of 5.00 m
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Note:
The High Flood Level must be determined during the survey by asking local inhabitants, by observing the high flood marks at the proposed bridge site, and by considering other factors such as the Inclination and cross‑section of the river near the bridge axis, the presence of forests and/or glaciers in the catchment area, and the size of the catchment area.

Special Cases

1.
If more accurate and long‑term hydrological data are available, the freeboard can be reduced.

2.
At bridge sites with flat river banks on one or both sides, the freeboard can be reduced, if it is evident from the topography that a considerable increase in water discharge will result only in a minor increase in flood level.

3.
In cases of river sections where sifting of the riverbed is observed, the freeboard should be increased.

4.
Bridge sites upstream from major confluences should have increased freeboards as the strong current and debris brought by one river may block the other and consequently raise the highest flood level.

5. In gorges or upstream from gorges, the freeboard should be increased considerably. The difference between annual flood level and highest flood level may be 10 to 20 meters In gorges and consequently the flood level will also increase upstream from the gorge.
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6.
If the bridge crosses a river with a catchment area affected by deforestation with unstable slopes, where there is a high risk of landslides, and possible glacier or lake outbursts, the freeboard should be increased considerably to avoid damage from probable spring floods (accumulation of water caused by blockages of the river by landslides and sudden discharge).

Note:
It is generally recommended that conservative assumptions be made in determining the freeboard.

5.4
Selection of Bridge Type

The main criteria for selecting either a standard suspended or a suspension bridge will include the factors given below. 

1.
Economy (e.g., material & transportation costs).

2.
Topography of river banks and slopes (e.g., flat, inclined, steep, or very steep).

3.
Geotechnical qualification of the rock or the soil.

4.
The required span of the bridge.

5.
The available workmanship.

In some cases, special design bridges will be more feasible than standard ones.

5.4.1 Economic Criteria

Generally a suspended bridge is cheaper than a suspension bridge of the same span for the following reasons:

· costs of material, fabrication, and construction are lower,

· less construction materials need to be transported, and

–
amendments in the layout or during construction can easily be adjusted. (Increasing/decreasing the span is always possible by adding/omitting the cross‑beam, without significant increase in the overall costs.)

Whenever the topography of a bridge site and the geotechnical properties (slope & bank materials) allow for the construction of a suspended bridge, this bridge type should be selected even though it may require a longer span than a suspension bridge, and this can be assessed by carrying out different variants.

5.4.2 Topography
In order to achieve the required freeboard, suspended bridges are generally only possible at bridge sites where both sides are inclined or where there are steep river banks.

	Topography


	Recommended Bridge and Anchorage Foundation Type
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	Suspended bridge not recommended, small span perhaps possible (refer special design drawing No. 60/4).

Suspension bridge with gravity or deadman anchorage foundation recommended.
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	Suspended bridge questionable, small spans possible (refer special design drawing No. 60/4).

Suspension bridge with one tower possible, suspension bridge with gravity anchorage foundation recommended.
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	Suspended (and suspension) bridge with gravity anchorage foundation(s) recommended.
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	Suspended bridge may be possible.

Suspension bridge with one tower with gravity or dead man anchorage foundation preferable.

Suspension bridge with both towers questionable.

On sound and steep rocky banks, direct rock anchorage for windguy cable possible.
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	Suspended bridge with gravity anchorage foundation recommended.

Suspension bridge questionable.

Suspension bridge with one tower with deadman or gravity anchorage foundation preferable.

On steep sound rocky bank, direct rock anchorage for windguy cable feasible.




Table 5.4.1: Topographical Criteria for Selection of Bridge Type

5.4.3 Geotechnical Criteria

	Geotechnical Description
	Recommended Bridge Type(s)

	Foundations on Soil

	Old ‑landslide with seepage, rockslide, loose debris deposits
	Suspended bridge excluded 

Suspension bridge very questionable

	Poorly-graded alluvial soil (soil of land-slide, rockslide), loose compaction
	Suspended bridge questionable

Suspension bridge recommended with necessary care

	Well-graded colluvial soil with good compaction and angular grains
	Both bridge types possible

	Residual soil
	Suspended bridge possible with necessary care

Suspension bridge feasible

	Poorly-graded alluvial soil with loose compaction and intermediate impermeable layers
	Suspended bridge questionable

Suspension bridge possible with necessary care

	Well-graded, coarse alluvial soil with good compaction
	Both bridge types accepted

	Foundations on Rock

	Geological faults
	Both bridge types excluded

	Rock weathered, numerous open fractures, wedge pattern mostly central and/or center-lateral
	Suspended bridge not recommended

Suspension bridge acceptable, but the rock should be considered as soil for design purposes

Rock stability  analysis required

	Rock weathered, open fractures, no wedge pattern
	Suspended bridge questionable

Long span suspended bridge generally excluded

Suspension bridge normally acceptable

Rock should be considered as soil for design purposes

	Rock slightly weathered, fractures more or less closed and not too many wedge patterns formed
	Long span suspended bridge quite feasible, additional anchor rods approximately perpendicular to the discontinuity planes of the wedge always necessary

Suspension bridge acceptable, additional anchor rods recommended

	Rock sound, few closed fractures, wedge patterns formed
	Suspended bridge acceptable, additional rods recommended

Suspension bridge always possible

Direct rock anchorage for windguy cables questionable

	Rock sound, few closed fractures, no wedge pattern
	Suspended and suspension bridge always possible

Direct rock anchorage for windguy cables possible

	Conglomerate/Breccia, No cracks
	Both bridge types feasible (consider cementation and resistance to weathering)


Table 5.4.2: Geotechnical Criteria for Selection of Bridge Type

5.5
Placing of Foundations

5.5.1
Distance from River Bank / Bottom of Slope
If no detailed investigation and stability analysis have been carried out, a minimum angle “(B” between the foundation front at base (considering the minimum embedded depth) and the river bank slope foot have to be maintained as a first assumption. 
In case of very steep slope, when the  “(B”  as per table below not possible to maintain, at least it should be not more than 35°  for soil slope and  °  for rock slope.
	Bridge Type

	Soil / Rock
	B
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	Loose alluvial soil

Medium compacted alluvium
Highly compacted alluvium

Weathered rock

Weathered to sound rock

Sound rock


	/2(
 2/3(
 (
°

°

°
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	Loose alluvial soil

Medium compacted alluvium

Highly compacted alluvium

Weathered rock

Weathered to sound rock

Sound rock


	/2(
 2/3(
 (
°
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	(angle of baselinerefer to(angle of internal friction of soil


  Table 5.5.1: Position of Anchorage Foundations

Caution:
In river sections with river undercutting and bed erosion a number of problems can occur. Rivers can change their bed 
level by 5 m or even more within a few years. Appropriate measures that should be taken to control river undercutting and bed erosion near the bridge foundations as well as to avoid damage are:


–
built‑in spurs


–
built‑in sills downstream of the bridge axis, and


–
built‑in gabion mattresses in front of the bridge foundation (refer to 11).

Note: 
As a general rule, in the interest of economy and increasing the life expectation of the bridge, bridges with longer spans are more effective than extensive river bank protection works.     

5.5.2 Minimal Embedded Depth

All corners of the anchorage blocks have to be sufficiently embedded into the existing ground. A minimal embedded depth is required for safety reasons. The following arguments may be made:

–
because the earth pressure in front of the foundations is neglected in most cases, the embedded depth gives an additional safety margin for the construction;

–
because of circumstances not foreseen during site investigation and design, erosion may take place around the foundation ‑ the embedment in such cases provides additional tolerance; and

–
bridges constructed according to the manual represent considerable technical constructions and, therefore, require a reliable foundation; but topsoil is often loose because of erosion processes, frost activity, etc so these foundations have to be placed a minimal distance from the surface of the ground. From the past experiences, the minimum depth at front of the foundation is as given below:
	Anchorage Foundation Type
	Minimum Embedded Depth (m)1)

	
	on Soil
	on Rock

	Suspended Bridge

– Main foundation

span 
>  120 m

span
150 m

span
250 m

span
300 m
	1.50 

2.00

2.50
3.00
	0.70

1.00

1.30
1.60

	Suspension Bridge

– Walkway and tower foundation

span 
>  120 m


span
150 m

span
250 m

– Main cable foundation

span >  120 m


span
150 m

span
250 m
	1.30

1.50

2.00

1.30

1.50

2.00
	0.80

1.00

1.20
0.80

1.00

1.20

	Windguy Cable Foundation

span  > 120 m

span
150 m

span
250 m

span
300 m
	0.80

1.00

1.25
1.50
	0.40
0.50

0.60

0.75

	1)
Intermediate values by interpolation


Table 5.5.2: Minimal Embedded Depth for Anchorage Foundations

Note: In case, if there is any doubt about geotechnical conditions of the site, the value of embedded depth may be taken higher.
Caution:
Where the contour lines are inclined to the axis of the anchorage foundation, retaining structures may be required depending upon the type of foundation and (lateral) loads might have to be considered in the analyzes of the foundation.
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5.5.3
Foundation on Rock

1.
If the bedrock is near the surface of the ground, the whole foundation base must be placed in direct contact with it.
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2.
In highly weathered rock, design the foundation as a foundation on soil.

3.
Consider well‑cemented conglomerate as soft rock for foundation design.

Anchorage Rods

Anchorage rods are often used in connection with foundations in rocky areas.

–
Direct rock anchorages are exclusively used for windguy cable anchorages on sound rock.

–
Combined gravity foundation and anchorage rods.  The use of anchorage rods in gravity foundations generally permits reduction of the mass of  the foundation. The number of rods required is determined according to the calculations.

· Additional Anchorage Rods
 If the rock manifests a wedge pattern or fractures or bedding planes dipping towards the river, the use of anchorage rods is always required to stabilize the rock. In such cases the dimensions of the anchorage foundations have to be calculated in such a way that the angle of the resultant force is smaller (in relation to the vertical) than the dip angle of the wedge pattern lines, the fracture, or bedding planes. The direction of the anchorage rods has to be carefully determined, based on the structural analysis of the rock. For detailed procedure refer to 6.3.2 and 6.6.7.
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5.5.4
Minimal Clearances

A)
Main Foundation Suspended Bridge

Keep the top of the foundation higher than the existing ground level.

Provide dry stone pitching in front of the foundation. Keep a minimum clearance of 30 cm between the top of the pitching and the lowest point of the cable during full load.
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If necessary provide retaining structures on top and drainage canals around the walkable part of the foundation. Take necessary precautions against bank erosion caused by water accumulating through drainage canals, especially when the bank is constituted of loose or medium compacted soil. If necessary provide a drainage canal up to the main river at low water level or take the drainage canal to the natural drainage system.
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B)
Walkway / Tower Foundation

Keep the top of the walkway tower foundations above the ground level.
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– at back about 50 cm, and

– In front about 100 cm.

If necessary, provide retaining structures at the back, dry stone pitching in the front, and drainage canals around the foundation. However, If possible, divert this water away from the channel in front of the foundation.
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Analyze carefully the flow conditions of the river during high flood, especially in turbulent rivers or at curves. If necessary, provide deep foundations for structures exposed to probable erosion, especially if foundations are placed on alluvial soil. Place foundations sufficiently back from the edge of the river. If necessary, provide a gabion wall and mattress on the bank.
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C)
Windguy Cable Foundation
Design the foundation in such a way that the top, in front, remains above the existing ground level, in order to prevent the covering of steel parts and cables by eroded soil.
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If necessary, provide retaining structures on top and dry stone pitching in front of the foundation. As far as possible, adapt the retaining structures to the existing terrain.
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On flat terrain, provide a channel with stone pitching where the cable can touch the ground.
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