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PREFACE

This report is prepared on the basis of soil investigation & soil samples collected by railway and submitted to RDSO; vide Dy. Chief Engineer (con), South East Central railway, Jabalpur letter no. Nil, dated 22.10.2009. And soil sample tested in Geo-technical Engineering lab of RDSO. Views expressed are subject to modification from time to time in the light of future developments on the subject and as such, do not represent the views of Ministry of Railways (Railway Board), Government of India.

This report is the property of the RDSO and is meant essentially for officials use. It may not be loaned, reproduced in part or in full or quoted as an authority without the permission of Director General, RDSO.

(Rajesh Agarwal) Director/ Geotech. Engg



(J.C. Parihar)

Sr. Executive Director/Geotech. Engg.

2

SYNOPSIS

New alignment between Vinaiki-Sikara stations, Jabalpur-Gondia Gauge Conversion Project, Nagpur division, South East Central Railway is under construction in which high embankment locations as high as 25.0 M exist. Dy. Chief Engineer (Con) South East Central railway requested for slope design of high bank in the section for construction of Jabalpur-Gondia Gauge Conversion Line, Nagpur Division, South East Central Railway. For this purpose he arranges to collect soil samples and sent to RDSO.

Present report includes embankment profile suitable for construction, based on soil samples collected by railway and sent to RDSO; vide Dy. Chief Engineer (con), South East Central railway, Jabalpur letter no. Nil, dated 22.10.2009, and soil sample tested in Geo-technical Engineering lab of RDSO. Recommendations include embankment profile and provision of suitable thickness of blanket material & protection of embankment slope by dry stone pitching/retaining walls etc.
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1.0
Introduction

In Jabalpur-Gondia Gauge Conversion line (diversion portion) it is requred to construct 25.0 meters height embankment between Vinaiki-Sikara stations at Chanage 7700 to 9200. The height of bank at many locations is more than 6.0 m and some locations height of bank as 25.0 m also.

2.0
Reference

Dy. Chief Engineer referred these problems to RDSO vide his letter No. Nill, dated 22.10.2009 and requested for slope design of high embankment in the section.

3.0
Details of soil samples

The soil samples were tested in Geo-technical Engineering Laboratory of RDSO for following tests:

(a) Natural Moisture Content (NMC)

(b) Natural Dry Density (NDD)

(c) Optimum moisture content (OMC)

(d) Maximum Dry Density (MDD)

(e) Grain Size analysis

(f) Consistency Limits

(g) Specific Gravity

(h) Triaxial shear test in Consolidated Undrained condition with measurement of pore pressure (CU)

4.0
Slope Stability analysis with Slope/W software

Slope stability analysis has been carried out with the help of ‘SLOPE/W’ software by taking the results of soil samples collected by railway and sent to RDSO; vide Dy. Chief Engineer (con), South East Central railway, Jabalpur letter no. Nil, dated 22.10.2009. And soil sample tested in Geo-technical Engineering lab of RDSO. SLOPE/W is a software that uses the limit equilibrium theory for finding out the factor of safety of earth and rock slopes. The inbuilt verstabty comprehensive formation of SLOPE/W makes it possible to select a variety of methods for computing the factor of safety and to analyses both simple and complex geometric pattern and loading conditions. However, the limitations of SLOPE/W software are as follows:-

· Details calculations of slope stability analysis are not shown by SLOPE/W software.
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· This software analyses only two-dimensional problems.

With the help of SLOPE/W software, all the locations desired by the railway have been analysised to achieve factor of safety minimum 1.4 envisaged by the “Guidelines for earthwork in railway project Guideline No. GE:G-1 July 2003”. Analysis and designed profile are placed at Annexure 1-5.
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5.0
Summary Of Test Results

Test results of samples from Ch.7700 to Ch.9200 are tabulated below:

	
	
	Embankment Soil (Fill material)
	
	
	Sub-Soil (Alignment soil)
	

	Tests Name
	
	Ch.7990
	
	Ch.8350
	Ch.8450
	Ch.8650
	Ch.8000
	Ch.8250
	Ch.8600
	Ch.8700
	Ch.8900

	Soil Sample D*/UD*
	D
	
	D
	D
	D
	UD
	UD
	UD
	D
	UD

	Soil Classification
	
	GM
	
	SM
	SW-SM
	SM
	SM
	SM
	SW-SM
	SM
	SM

	Natural  Moisture
	Content
	-
	
	-
	-
	-
	29.88
	20.56
	
	15.89
	-
	19.16

	(NMC)%
	
	
	
	
	
	
	
	
	
	
	
	
	

	Natural Dry density gm/cc
	-
	
	-
	-
	-
	1.331
	1.631
	
	1.056
	-
	1.349

	Gravel (%)
	
	
	54
	
	08
	08
	22
	03
	12
	
	23
	20
	16

	Sand (%)
	
	
	31
	
	70
	83
	64
	48
	55
	
	66
	58
	36

	Silt (%)
	
	
	14
	
	22
	09
	14
	48
	30
	
	11
	22
	44

	Clay (%)
	
	
	00
	
	00
	00
	00
	01
	03
	
	00
	00
	04

	Passing  75
	micron  sieve
	14
	
	22
	09
	14
	49
	33
	
	11
	22
	48

	(%)
	
	
	
	
	
	
	
	
	
	
	
	
	

	Optimum Moisture content
	12.80
	
	9.20
	9.60
	10.00
	-
	-
	
	-
	11.00
	-

	(%)
	
	
	
	
	
	
	
	
	
	
	
	
	

	Maximum
	Dry
	Density
	1.893
	
	1.720
	1.890
	1.884
	-
	-
	
	-
	1.872
	-

	gm/cc
	
	
	
	
	
	
	
	
	
	
	
	
	

	Specific Gravity
	
	2.49
	
	2.25
	2.36
	2.04
	2.54
	2.43
	
	2.43
	2.30
	2.34

	Consistency Limits
	
	
	
	
	
	
	
	
	
	
	

	Liquid Limit (LL) %
	
	NP
	
	NP
	NP
	NP
	46
	40
	
	49
	NP
	60

	Plastic Limit (PL) %
	NP
	
	NP
	NP
	NP
	28
	27
	
	33
	NP
	34

	Plasticity Index
	
	NP
	
	NP
	NP
	NP
	18
	13
	
	16
	NP
	26

	Shear Parameters (CU) test Triaxial
	
	
	
	
	
	
	
	
	

	Cohesion (Cʹ) kg/cm²
	0.01
	
	0.006
	0.000
	0.006
	0.044
	0.034
	
	0.022
	0.007
	0.050

	Angle of Internal
	Friction
	35.04
	
	33.22
	34.25
	33.77
	30.32
	31.39
	
	35.09
	33.01
	31.94

	(ϕʹ) degree
	
	
	
	
	
	
	
	
	
	
	
	
	


*D : Disturbed Soil Sample

*UD : Un-Disturbed Soil Sample
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6.0
Recommendations

Slope Stability analysis has been analysed for embankment as per soil samples collected by railway and sent to RDSO; vide Dy. Chief Engineer (con), South East Central railway, Jabalpur letter no. Nil, dated 22.10.2009. And soil sample tested in Geo-technical Engineering lab of RDSO. Following recommendations are made:

1. At Ch. 8000, embankment height is 18.246 m (As per CE/C/BSP’s DRG No.5190/08). Considering embankment height for slope design 19.0 m, suggested profile of embankment slope is 2.5:1 along with 3.0 m berm at every 6.0 m height (Annexure-1). The fill material for this
location should be taken from Ch.7990, whose soil properties are as classification GM, Cʹ =0.01 kg/cm², ϕʹ=35.040 and MDD= 1.893 g/cm².

2. At Ch. 8250, embankment height is 25.577 m (As per CE/C/BSP’s DRG

No.5190/08). Considering embankment height for slope design 26.0 m, suggested of embankment slope 2.75:1 with 3.0 m berm at every 6.0 m height (Annexure-2). The fill material for this location should be taken from Ch.8350, whose soil properties are as; soil classification SM, Cʹ =0.006 kg/cm², ϕʹ=33.220 and MDD= 1.72 g/cm².

3. At Ch. 8600, embankment height is 20.630 m (As per CE/C/BSP’s DRG No.5190/08). Considering embankment height for slope design 21.0 m, suggested profile of embankment slope 2.75:1 with 3.0 m berm at every 6.0 m height (Annexure-3). The fill material for this location

should be taken from Ch.8650, whose soil properties are as; soil classification SM, Cʹ =0.006 kg/cm², ϕʹ=33.770 and MDD= 1.884 g/cm².

4. At Ch. 8700, embankment height is 20.432 m (As per CE/C/BSP’s DRG No.5190/08). Considering embankment height for slope design 21.0 m, suggested profile of embankment slope 2.75:1 with 3.0 m berm at every 6.0 m height (Annexure-4). The fill material for this location

should be taken from Ch.8650, whose soil properties are as; soil classification SM, Cʹ =0.006 kg/cm², ϕʹ=33.770 and MDD= 1.884 g/cm².

5. At Ch. 8900, embankment height is 14.573 m (As per CE/C/BSP’s DRG No.5190/08). Considering embankment height for slope design 15.0 m, suggested profile of embankment slope 2.75:1 with 3.0 m berm at every 6.0 M height (Annexure-5). The fill material for this location

should be taken from Ch.8650, whose soil properties are as; soil classification SM, Cʹ =0.006 kg/cm², ϕʹ=33.770 and MDD= 1.884 g/cm².

Above details are scrutinized in the following table:

	S.
	Locations
	Height of
	Recommended slope&
	Reference

	N.
	
	embankment
	berm width
	Annexure

	1.
	Ch.8000
	19 m
	2.5:1 & 3.0 m
	1

	2.
	Ch. 8250
	26 m
	2.75:1 & 3.0 m
	2

	3.
	Ch. 8600
	21 m
	2.75:1 & 3.0 m
	3

	4.
	Ch.8700
	21 m
	2.75:1 & 3.0 m
	4

	5.
	Ch. 8900
	15 m
	2.75:1 & 3.0 m
	5


6.2
General Points

· For protection of embankment slope dry stone pitching 60 cm above HFL is recommended to protect erosion of slope of the embankment due to flow of water.
· Erosion control measures like turfing should be carried out.
· Depth of blanket layer depends primarily on the type of sub-grade soil and axle load of the traffic. For blanket thickness provision in the para 4.3.2 of “Guidelines for earthwork in railway project Guideline No. GE:G-1 July 2003” should be adopted. Alternatively depth of blanket can be decided from the provisions of the recent approved ‘Guidelines & Specifications of Formation Design for Heavy Axle Load, Report No.2007/GE:G-0014, November-2009.
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Annexure – 1

	Elevation (m)
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Annexure – 2
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Annexure – 3

	Elevation (m)
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	SoilModelMohr-Coulomb
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	UnitWeight 19.6

	Slope 2.75:1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Cohesion 0.6

	Berm
	3.0
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Phi33.77

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	FOS 1.491
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Unsaturated PhiB 0
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	Ru (added) 0.25

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Pore-Air Pressure 0

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Soil2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Sub Soil

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	SoilModelMohr-Coulomb

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	UnitWeight 16.22

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Cohesion 2.2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Phi35.09
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	67
	
	
	
	
	
	
	
	
	
	
	
	Berm 3 m
	
	
	
	
	
	
	Soil3

	64
	
	
	
	Embankment Soil
	
	
	
	Slope 2.75:1
	3 m
	
	
	
	

	61
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Berm
	
	
	
	
	Bedrock

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Slope 2.75:1
	SoilModelBedrock

	58
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	49
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Pore-Air Pressure 0

	46
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	43
	
	
	
	
	
	
	
	
	
	
	
	
	Sub Soil
	
	
	
	
	
	

	40
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	37
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	34
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	31
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	28
	
	
	
	
	
	
	
	
	
	
	
	
	
	Bedrock
	
	
	
	
	
	

	25
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	22
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	12
	16
	20
	24
	28
	32
	36
	40
	44
	48
	52
	56
	60
	64
	68
	72
	76
	80
	84
	88
	92
	96 100 104 108 112 116 120 124 128 132 136 140 144 148 152



HorizontalDistance (m)

12

Annexure – 4

	Elevation (m)




	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Soil1
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	Embankment Soil

	Chainage 8700
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	SoilModelMohr-Coulomb
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	Berm
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	Sub Soil

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	SoilModelMohr-Coulomb

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Unit Weight 20.6

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Cohesion 0.7

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Phi33.01

	79
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Unsaturated PhiB 0
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Annexure – 5

	Elevation (m)




Jabalpur-Gondia GC Project

Chainage 8900

Height 15.0 m

Slope 2.75:1

Berm 3.0

FOS 1.489


	97
	
	

	94
	
	

	91
	
	

	88
	
	

	85
	
	

	82
	
	

	79
	
	

	76
	Slope 2.75:1
	

	73
	Berm 3 m
	

	70
	Slope 2.75:1

	67
	Embankment Soil
	Berm 3 m

	64
	
	Slope 2.75:1

	61
	
	

	58
	Sub Soil
	

	55
	
	

	
	
	

	52
	
	

	49
	Bedrock
	

	46
	
	

	
	
	

	43
	
	

	40
	
	






Soil1

Embankment Soil

SoilModelMohr-Coulomb

Unit Weight 19.6

Cohesion 0.6

Phi33.77

Unsaturated PhiB 0

Piezometric Line # 0

Ru (added) 0.25

Pore-Air Pressure 0

Soil2

Sub Soil


SoilModelMohr-Coulomb


Unit Weight 17.73


Cohesion 5


Phi31.94


Unsaturated PhiB 0


Piezometric Line # 0


Ru (added) 0.25


Pore-Air Pressure 0


Soil3

Bedrock

SoilModelBedrock

Unit Weight -1

Piezometric Line # 0

Ru (added) 0

Pore-Air Pressure 0
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