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[bookmark: _Toc394191838]3. TECHNICAL SPECIFICATIONS
3.1. 	Hydrological and Morphological Analysis and Mathematical Modelling of the Drina River at the Tabanci Site

We have used the HEC-RAS software package, which was developed by the Corps of Engineers of the United States Army. This software is freely available on the US Army website and is widely accepted for hydraulic calculation of natural and artificial open streams.
We used the option for the calculation of calm flow in open watercourses with a defined flow rate and level of water in the most downstream cross section. For calculation purposes, certain values were either computed or taken from available views, while some of the values had to be approximated or assumed. The software performs calculations using the well-known Manning's Equation:



In the preceding equation:
Q	= flow rate, 
A	= cross sectional area,
R	= hydraulic radius, 
I	= slope of riverbed, 
n	= Manning's roughness coefficient. 

In the software, it is necessary to define the riverbed geometry at the given section, roughness coefficient, as well as flow parameters, i.e. relevant flow rates.
The riverbed geometry was defined using the provided basic geodetic data and maps, including survey of seven full river cross sections of sufficient length. Chainages and ground levels provided on the cross sections were entered in the software.
The initial point of the left bank was taken to be the leftmost point of each cross section (chainage 0.00), while the rightmost point of each cross section was taken for the right bank, regardless of the fact that the right side of all cross sections features a road and railway tracks, which were built on the embankment and are at a level higher than the rightmost point of the cross section.
The Manning's roughness coefficient was determined by overlapping the surveyed site plan with the satellite imagery of the location and approximate readings. 
The software gives an option of horizontal variation of the Manning's roughness coefficient within cross sections, and this option was used to more accurately determine the Manning's coefficient, to ensure that the final calculation results (high water levels) are as accurate as possible. 
A comprehensive map was used to read chainages between which there were stretches of a certain type and structure of soil, which was then compared against the tables which provide details of Manning's coefficient variations by the type of riverbed bottom, which may be found at the following websites:
http://www.engineeringtoolbox.com/mannings-roughness-d_799.html
http://www.fsl.orst.edu/geowater/FX3/help/8_Hydraulic_Reference/Mannings_n_Tables.htm
In addition, the structure of riverbed bottom was compared with examples of well-studied river flows, which may be found at the following website:
http://www.rcamnl.wr.usgs.gov/sws/fieldmethods/Indirects/nvalues/index.htm
The level of high waters for the natural state of the riverbed at the respective section (the site of Tabanci) was calculated for the following flow rates:
Q 1/100 = 5,432.00 m3/s
Q 1/50 = 4,840.30 m3/s 
Q 1/20 = 4,666.31 m3/s 
Q 1/10 = 4,376.32 m3/s 

The results of calculation of the high water levels are provided in Chapter No. 4 (Hydraulic Calculation), while drawings are provided in Annex No. 3 (Hydraulic Longitudinal Section) and in Annexes No. 4  (Characteristic Hydraulic Cross Sections).
The Manning's roughness coefficients for the analysed flow rates are provided in Table No. 2.

Table No. 2. Manning's roughness coefficients

	No.of sect.
	10-year return period
	20-year return period
	50-year return period
	100-year return period

	
	Left flood plain
	Main riverbed
	Left flood plain
	Main riverbed
	Left flood plain
	Main riverbed
	Left flood plain
	Main riverbed

	1
	0.079
	0.035
	0.079
	0.035
	0.079
	0.035
	0.079
	0.035

	6
	0.030
	0.032
	0.030
	0.032
	0.030
	0.032
	0.030
	0.032

	14
	0.030
	0.025
	0.030
	0.025
	0.030
	0.025
	0.030
	0.025

	22
	0.030
	0.033
	0.030
	0.033
	0.030
	0.032
	0.030
	0.032

	30
	0.030
	0.064
	0.030
	0.064
	0.030
	0.064
	0.030
	0.064

	38
	0.030
	0.038
	0.030
	0.038
	0.030
	0.038
	0.030
	0.038

	46
	0.052
	0.055
	0.054
	0.056
	0.055
	0.056
	0.056
	0.056

	Mean val.
	0.040
	0.040
	0.040
	0.040
	0.041
	0.040
	0.041
	0.040





Flow velocities (m/s) are provided in Table No. 3.

Table No. 3. Flow velocities

	No.of sect.
	10-year return period
	20-year return period
	50-year return period
	100-year return period

	
	Left flood plain
	Main riverbed
	Left flood plain
	Main riverbed
	Left flood plain
	Main riverbed
	Left flood plain
	Main riverbed

	1
	1.00
	4.36
	0.88
	4.14
	0.85
	4.04
	0.80
	3.84

	6
	0.91
	3.33
	0.62
	3.25
	0.73
	3.19
	0.73
	3.09

	14
	1.11
	5.67
	0.73
	5.62
	0.64
	5.53
	0.52
	5.33

	22
	1.39
	2.25
	1.25
	2.26
	1.20
	2.28
	1.11
	2.33

	30
	1.22
	1.70
	0.96
	1.66
	0.86
	1.65
	0.66
	1.64

	38
	0.52
	1.65
	0.71
	1.56
	0.58
	1.53
	0.83
	1.50

	46
	0.87
	1.61
	0.77
	1.57
	0.73
	1.56
	0.67
	1.54

	Mean val.
	1.00
	2.94
	0.85
	2.87
	0.80
	2.83
	0.76
	2.75




Shear stresses (N/ m2) are provided in Table No. 4.

Table No. 4. Shear stresses

	No.of sect.
	10-year return period
	20-year return period
	50-year return period
	100-year return period

	
	Left flood plain
	Main riverbed
	Left flood plain
	Main riverbed
	Left flood plain
	Main riverbed
	Left flood plain
	Main riverbed

	1
	48.40
	137.65
	41.26
	125.51
	38.85
	120.00
	34.61
	108.61

	6
	8.54
	62.66
	4.81
	59.90
	4.50
	58.01
	5.46
	54.66

	14
	13.44
	120.46
	7.27
	121.46
	5.91
	117.86
	4.13
	110.27

	22
	13.72
	26.59
	11.79
	25.69
	11.20
	25.65
	10.09
	25.65

	30
	13.28
	67.35
	9.29
	65.97
	7.92
	65.82
	5.41
	65.44

	38
	2.71
	20.99
	2.66
	18.73
	3.47
	17.99
	5.13
	17.01

	46
	15.61
	43.77
	13.39
	42.41
	12.71
	42.19
	11.48
	41.78

	Mean val.
	16.53
	68.50
	12.92
	65.67
	12.08
	63.93
	10.90
	60.49



The relevant values for determining the dimensions of the lining (bank protection) at the site of Tabanci are the mean section flow rates and mean shear stresses for centenary high water levels (Q = 5,432.00 m3/s), according to Tables 3 and 4. 






[bookmark: _Toc342402863][bookmark: _Toc373958479]3.2. 	Bank Protection at the Site of Tabanci
3.2.1. Layout Solution
The layout solution for the bank protection (Drawing No. 2.) is provided as follows:
· bank protection toe and much of the bank protection at the slope is founded in well compacted gravels – i.e. in the geological layer 2;
· the expropriation zone is minimised;
· the design bank protection follows the natural bank over the maximum length possible. 
The start of the bank protection is at Km 0+067.43, and its end is at Km 1+775.80, i.e. the total length of the bank protection is 1,708.37 m. 
Downstream of the initial chainage, at the area of the abandoned gravel pit, the design provides for a downstream transitional section – Drawing No. 8, and upstream of the end of the bank protection is the upstream transitional section – Drawing No. 7.
At the approach section, the bank protection has been connected to the stable soil, i.e. the bank protection is rooted in soil.
If during the construction of the bank protection it is established that the route needs to be relocated due to erosion processes, such relocation may only be done with the Designer's consent.
3.2.2. 	Longitudinal Section
The construction longitudinal section has been made based on surveyed cross sections along the design edge of the slope top. It has been mapped at the scale of 100/2500. The longitudinal section at the area of the collapsing bank includes a line representing natural banks, a line representing the greatest depths of the riverbed, a line representing the design bank protection toe and a line representing the design left bank. The crest of the bank protection toe and the line of the design bank (top of the bank protection) run parallel and are designed at a slight decline of I = 0.5624 m/km. 
The longitudinal section also includes the centenary high water level.
Furthermore, the longitudinal section shows geological layers, which show that the bank protection toe is made of crushed stone and that much of the bank protection slope is founded in gravels with medium to coarse grains, well compacted and sorted.
The above data are presented in numerical and graphical form, in the Drawing No. 5. (Construction Longitudinal Section).
3.2.3. Normal Cross Section 
At the end of the last century, a protection of the left bank of the Drina River at its lower course was designed and implemented at several sites. Even at that time, the design provided for a flexible bank protection of crushed stone, which remains largely stable today. This type of bank protection follows minor deformations and settling of the soil which forms the bank, which is a major advantage over the solid bank protection.
The value of mean section flows during centenary high water levels (Table No. 3)  is Vsr = 2.75 m/s.
The mean shear stress (Table No. 4) during centenary high water levels is 60.49 N/m2.
According to particle size distribution curves given in the geotechnical study, the mean diameter of grains used for the left bank is 8 mm.  The critical shear stress for this diameter according to the Shields diagram is 10 N/m2, which is significantly lower than the actual shear stress. Therefore, the river bank requires lining. In this specific case flexible lining is preferred, and therefore the bank slope will be lined with crushed stone – rockfill.  
The mean and minimal diameters of crushed stone were selected according to the Shamov's formula and diagram. The required mean diameter of the rockfill is:
Dsr = 0.04 v2   = 0.04 * 2.752  =  0.3002 m. The adopted value is Dsr = 35 cm.
Therefore, the adopted mean diameter of crushed stone grain is Dsr = 35 cm, and the minimum diameter is 15 cm. 
At the bottom of the riverbed, the design provides for a toe of crushed stone which is 1.50 m wide at the crest, and 1.00 m deep. The lining on the slope rests on the toe. The thickness of slope lining at the bottom is 80 cm, while its thickness at the design bank is 40 cm. Below the crushed stone lining at the slope, the design provides for a mixed filter-blinding layer made of gravely-sandy material with a mean grain diameter of 30 mm. The particle size distribution curves for the filter-blinding layer are provided in Figure 2.
The drawing of the normal cross section is provided in the Drawing No. 6.1-6.2. For the slightly inclined banks, the TYPE A normal cross section will be used, while for slightly inclined and partially steep banks the TYPE B normal cross section will be used.
In the event of erosion over a large section of the bank prior to commencement of works, the axis will be moved toward the autochtonous soil with the Designer's consent in order to avoid increased use of fill.











Figure 3. Particle size distribution curves for the filter-blinding layer
[image: C:\Users\Ozren\Desktop\Krive granulometrijskog sastava-Model.jpg]

3.2.4. Slope Stability Testing 
		
		Embankment slope stability was analysed using the software package "Slide version 5.0.2. (Rocscience)", according to the Bishop's method. The analysis was performed for characteristic slopes, using the adopted physical and mechanical parameters.
The Bishop's method of slices analyses slope stability for the case of circular sliding surfaces.
Since the impact of sudden water delevelling, i.e. the maximum level of external water, was also taken into account in the analysis, the analysis used adjusted strength parameters, i.e. volumetric weight in saturated state (γz). The traffic load is 5 kN/m2.
The input data for the characteristic slope are:

	
	γ
	C
	φ

	Clayed sand 
	20 kN/m3
	15 KPa
	19°

	Gravel
	19 kN/m3
	0 KPa
	31°


 
The calculation obtained the minimum values of the stability factor. Figure 3 shows that the minimum stability factor is 1.44. Any other sliding planes have a greater safety coefficient, which indicates that the slope is stable under these conditions.





Figure 4.  Slope Stability Testing
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