12. Design Basis

12.1 Design Life
12.1.1. Material Specifications
(a) Breakwater
(Suganya)
 (b) Embankment
SM type of material can be used in the dam core. SC and CH type of material shall not be used for core. The material selected should be able to achieve 90% compaction. Material availability can be analysed from nearby locations in the reservoir side. Considering dredged sand as base material, filter band is designed based on USDA NRCS criterion for design of sand and gravel filters. 
Graded filter between breakwater and embankment fill: (Filter 1)
1 m thick layer (Gradation 2) closer to the backfill and 2 m thick layer (Gradation 3) closer to the rockfill in order to provide a proper gradation between the larger sized rocks and sand.
Graded filter between rock toe mound and dredged embankment fill: (Filter 2)
1 m thick layer (Gradation 2) closer to the dredged backfill and 1 m thick layer (Gradation 3) between rock mound and gradation 2. 
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Figure 3: Gradation of filter 1 and filter 2
Table 1 Gradation of filters
	Gradation II
	Gradation III

	Sieve (mm)
	Percentage passing
	Selected percentage passing
	Sieve (mm)
	Percentage passing
	Selected percentage passing

	80
	100
	100
	80
	100
	100

	63
	99-100
	100
	63
	96-100
	97

	16
	88-100
	93
	50
	90-100
	91

	4.75
	70-100
	73
	40
	82-100
	85

	2.36
	61-100
	65
	25
	67-92
	70

	1.18
	40-77
	45
	20
	62-85
	65

	0.6
	21-62
	25
	16
	50-79
	55

	0.3
	3-37
	8
	4.75
	0-5
	5

	0.15
	0-20
	1
	
	
	

	0.075
	0-5
	0
	
	
	


12.1.2 Durability Requirements
Certain material criteria is to be met for the utilisation of rock in the dyke cross section to ensure longevity of the material utilised. The preferred type of rock and the properties are listed below:
	Rock type
	Igneous rocks: granite, basalt
Metamorphic rocks: gneiss and quartzite
	Because of its high strength and durability

	Water absorption
	< 1% 
	ISRM (1978) and Bieniavski (1989)

	Slake durability
	> 98%
	ISRM (1979)

	Unconfined compressive strength
	> 100 MPa
	ISRM (1978)

	Friction angle 
	> 45°
	


12.2 Dyke
12.2.1 Geotechnical Design
The dyke has to be analysed for various cross sections based on the bathymetry and the available borehole data. Critical soil profile and cross sections are to be analysed for the following, taking into consideration the dead load, imposed load, hydrostatic load and seismic load as per relevant Indian Standards.
	Methods of Analysis
	Loading conditions

	
	DL
	DL+IL
	DL+IL+EL

	Slope stability (FoS)
	> 1.5
	>1.5
	>1.1

	Strength
	Stress generated in foundation soil < Safe Bearing capacity of soil

	Settlement 
	< 500 mm for the embankment and < 50 mm for crest 

	Seepage
	seawater seepage to reservoir < 0.5% of total reservoir volume


12.2.2 Design Water Levels 
Based on the expert committee the water levels and tidal ranges are considered for the post-construction of the dyke scenario on the seaside. Hence in the present analysis, High astronomical tide level (+6.2 m w.r.t MSL) and Lowest Low Water Line (-5.3 m w.r.t. MSL) on the seaside are considered for the application of hydrostatic loading on the dyke structure.  Maximum water level (+5m w.r.t. MSL) and Full reservoir level (+3 m w.r.t MSL) are determined based on the storage capacity and the maximum inundation that can occur on the upstream side. The detailed analysis is provided in Chapter 13. 
The design water levels adopted for the design is given below.
	Full Reservoir level (FRL) 
	=
	EL (+) 3.0 
	m

	High Flood level (HFL)
	=
	EL (+) 5.0 
	m

	Lowest Low Tide Level (LLTL)
	=
	EL (-) 5.3
	m

	Highest High Tide Level (HHTL)
	=
	EL (+) 6.2
	m

	Maximum Design Water Level (MDWL)
	=
	EL (+) 8.1
	m


12.2.3 Earthquake Shaking
The Kalpasar Project is in Seismic Zone III as per the India Seismic Code IS 1893 (Part 1):2016. Accordingly, the standard specifies the design horizontal acceleration value as 0.16g. Further, the site-specific seismic hazard assessment was undertaken by the National Geophysical Research Institute (NGRI), Hyderabad, and the design horizontal acceleration value was given as 0.26g. Also, it was stated by NGRI that:
a) There is no known fault along the alignment of the dyke.
b) The GPS measurements made in the state of Gujarat indicate no accumulation of strain in the region of the Kalpasar Project. 

Currently, the India Seismic Code IS 1893 (Part 1) is under revision. The initial information suggests that the structures need to be classified as Normal, Important and Critical & Lifeline Structures. Considering that the dyke is separating the freshwater reservoir from the sea, and in an unforeseen circumstance, the breach of the dyke will result in localised currents and water level rise within the breach area, the Kalpasar dyke is classified to be an Important Structure. Accordingly, the return periods to be considered for the serviceability check, structural design and structural safety assessment of the dyke are considered as 73 years, 225 years and 975 years respectively; the associated acceleration values are taken as 0.18g, 0.225g and 0.36g, respectively.
The criteria for acceptable performance of the dyke at the three levels of earthquake shaking are specified as:
(a) Serviceability check (corresponding to 73 years return period):
(i) Elastic structural response and no structural damage.
(ii) Acceptable crest settlements (less than 50mm).
(iii) Safe performance in aftershocks.
(b) Structural design (corresponding to 225 years return period):
(i) Inelastic structural response permitted. 
(ii) Repairable damage can be sustained (e.g., crest settlement of 500mm).
(iii) Immediate emergency access available.
(c) Structural safety assessment (corresponding to 975 years return period):
(i) No loss of life.
(ii) No collapse of the dam or any safety critical appurtenant structure.
(iii) No uncontrolled release of water from the reservoir.
(iv) No liquefaction within the dam or the foundations.
(v) Large permanent offsets permitted.
(vi) These may require extensive repairs or complete rebuild before operations may resume.
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